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The symposim on the use of Information Theory to Study 
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Association for Research in Science Teaching reflects the 
efforts of a group of researchers at the University of 
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experiments which are mentioned in the symposium. Our thanks 
are extended for their efforts. 
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These proceedings are of a SjnnposiTim presented at the 1973 
Annual heeting of the National Association for Research in 
Science Teaching (MRST) at Detroit, Michigan, The theme was 
The Use of Information Theorsr to Stud/ Hurnau Learning. 

The proceedings describe the use of a memory model uhich 
quantifies the quality of human behaviors in learning experi- 
ences. It was developed from some theorems originated by 
S. Shannon (l) in 19U8, Shannon and other information 
theorists developed 11 theorems and algorithms for describing 
the flow of information between sources and receivers of a 
communitsation channel. Another 17 theorems and algorithms 
were developed by G. Moser. These were derived to account 
for tasks, behaviors, and memory components in human learn- 
ing. The 28 model elements are now used to describe how the 
human memory operates for processing information in the acts 
of learning or cognition. All but two of these elements were 
defined by Moser (2) in a paper presented at the 1972 Annual 
Meeting of MRST. The new elements az - described on page h 
of 'the proceedings. 

The basic concepts of the model are that cognitive behavior 
is Markovian (see page i; for a definition) and that the human 
memory operates in a logarithmic fashion to receivo, store, and 
output information. These concepts may seem to be a ''long shot" 
but this Symposium presents evidence for the plausibility of the 
claims. Five years ago the senior author decided that still 
another attempt should be made to apply the Shannon Theory to 
the study of human behaviors. A decade earlier several psycho- 
logists, including Attneave (3) and Miller (ii), tried to apply 
the theory in interpreting psychological studies. Little 
success was reali'?.ed, with the exception of it probably enhanc- 
ing G. A. Miller's development of the Chunking Principle (10. 
The- decline of the movement was probably due to an incorrect 
interpretation of the use of the theorems and the incompleteness 
of the set of theorems for describing all the elements and 
processes of human behavior. * 

The schedule of the project on an information memory model 
(PM^i) was to conduct learning behavior experiments and apply 
theorems to describe the behaviors. A two-level system con- 
currently operated for PIMM. The model was applied to learning 
behaviors which had real world orientations. The real world is 
defined as those psychological, philosophical, and pedagogical 
realities of learning behavior. Experiment tasks were selected 
to evoke findings knoijn to recognized researchers • This approach 
enabled an interpretation of the memory model on two levels. 
i£arly in the project, we relied more heavily on the first level 
which was to coafirm the findings of real world knowledge of 
behaviors. Then the model components vrould be examined for 
relationships with the real world interpretations. It soon be- 
came apparent thdt quite often the logic of the model interpreta- 
tions was more plausible than that of the real world in explain- 
ing cognitive behavior,- 



The second level o£ activity of PIIM \^as to derive new 
model cor.iponents where behaviors were loeing incompletely 
described. This was an exacting and perplexing task. Each 
model element exists in a quantitative form. THe mathematical 
factors demanded continuous reviews of previous experimental 
result^ for inconsistencies and gaps in describing behavior. 
Then the mathematical rationale of the model would be stulied 
to derive a theorem. The new theorem would be applied to the 
data for testing model component compatabilities and real x^rld 
coasistencies. 

The PIMM iiad a major problem in monitoring the psycho- 
physiological research reported on learning behavior and the 
nature of the memory and its functions. An example of this 
problem is the controversy about the short and long term 
inemory stores. The problem truncated into the psychologists 
viewpoint (5^6), and those of brain researchers (?)• The 
second consideration was the concepts proposed by information 
theorists such as Ash (8), Young (9)> and Ashby (lO). The 
solution of the problem involved integrating these viewpoints 
and concepts with the inathematical theories of the nature of 
Markoff chains (ll, 12, 13). The proposition was that the long 
term memory has information stored in discrete units. If true, 
then a sequence of human behaviors would simulate a special 
property of Markoff Chains. 

The proposixrion was tested in a year and one .half of special 
treatments of behavior data. Ninety data matrices of coded 
behavior were each raised to higher powers on an IBM 360/^0 
computer. A soecial program for matrix multiplication was 
devised for the task of ^'driving" matrices of dimensions as 
great as kO by UO. The five power levels (2 through 65^^36) 
of the behavior matrices were each quantified by algorithms of 
the model. All 90 matrices re^.ched a steady state condition 
where the links of the chain became independent of each other. 
Further study provided a proof that certain old theorems were 
altered as an effect of the steady state condition. Nine new 
theorems were then devised to define the properties of behavior 
units in a matrix in a steady state condition.- Finally, the 
long term memory area of the memory model was used in interpret- 
ing findings of learning behavior experiments. Eighteen experi- 
ments were done to test the model development, and in every 
instance ?t uas found the theory of the information flow in the 
long term memory was quite valid. The evidence for this claim 
is discussed in principles two, eighty and nine in the proceedings. 

The more recent work by FlMi has been to broaden the psycho- 
logical verifications of the model by conducting experiments on 
three kinds of human tasks in learning. One kind involved tasks 
of object enumerating and sorting in a visual modality, and with 
I immediate and delayed cognitions. In addition, instructional 
comyonents have been employed in some of these experiments. An- 
other kind of experiment was conducted for electric circuit 
problem solving tasks. These emphasized ages of subjects. 
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perceptual instances, and effects of instruction. The third 
kind of Gxperiment vras to study the orocessln^ of abstrv^ct 
cognitions with etnphasis on the -nodaiities used in learning § 
tasks. In the past year, 17 experiments, involving 2,026 
human participants, have been conducted to collect data for 
the testing of the memory model. Variations of task process- 
ing, learning stratagems, human traits, and environments 
warranted the large number of experiments. Some of these are 
described in the proceedings of this symposiam. 

The members of PIMM have detected problems in hvimans under- 
standing th3 efforts of the projects. The feeling is somewhat 
of Alfie being our student. \/e recognize and sympathize with 
the researcher who has been "following" events in PIMM. The 
proceedings of this symposium were designed to facilitate grasp- 
ing the importance of the PDii endeavour. 

The following text is divided into two sections. The first 
one is an expository statement of the model, and a rationale 
is presented at a layman level. The technical terminolo'jy of 
model theorems and algorithms have been translated into a 
language of behavior, structure of behavior, and behavior 
spuriousness. Psychological learning principles are enumerat- 
ed and discussed with contexts of experitrents conducted by 
PIMI4. The statistical verbiage of research reports have been 
kept to a »ninimum so the lay reader may <yet a "panoramic" view 
of the moCel as it applies to understanding how humans learn. 
Shoulc*. the reader desire research data of these experiments, 
we shall be '^lad to provide it on request. The second section 
of contributed papers are technical treatments for experiments 
testing the model. Researchers who are interested in the model 
are urged to read both sections of the paper. 

The contemporary researcher of learning behavior may nbt^ 
a discrepancy in the proceedings of this symposium. Most 
researchers are advocates of particular schools of learnin«^ and 
expect research reports to identify with a school. The memory 
znodel has been foiind to have principal references for each of 
the schools. The fact that principles eight and nine refer to 
the Piagetian School of Learning does not mean any bias exists 
regarding Plliil. In fact, PIMM welcomes communications with 
members of the schools who may contribute to enlightenments of 
school principles being reinforced by the model definitions of 
human learning behaviors. 

The final note in this overview is to ask what it all means 
regarding the knowledge of how humans learn. PIMM has a view- 
point which is hoped will become yours after reading the proceed- 
ings. In order to keep an open mind it is important to note 
the extent of the success in testing the validity and reliability 
of tlie n»del. It has been tested in 38 learning behavior experi- 
ments. In every experiment it has been found to have statistically 
significant relationships with the properties of the learning task, 
variables of external factors such as intelligence, stratagems of 
task processing such as memory recall and proble^n solving, kinds 
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of cognitions such as iirimediate and dela/ed^ and perceptional 
conditions such as visual and auditory modalities. The appli- 
cability to age and maturation groups o£ children has been 
found feasible for difference interpretations in numerous 
experiments of the same kinds of tas}cs. It is well knovm that 
problems exist in replicating education research experiments, 
Ho>/ever^ PIIM has replicated the same experiment nine times. 
Principle nine describes an example of the replicability of the 
qualities of the memory model. 

This symposium represents a landmark to PMi. A new 
thrust has been adcipted for the future. The model will be 
tested in a carefully controlled series of experinients which 
will be designed to revolutionize man's understanding of hovj 
the human memory actually operates. 
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One Ox the rnajor problams in education is understanding 
how humans learn. Several theories of learning liave been proposed, 
but few have co^ipletG enough an arra;'^ of corollaries to be very 
useful to pedagogista. Researchers have atte mpted to advance 
the values of the theories in the teaching of materials to 
children. The approaches have been to measure behaviors before 
and after the children have experienced r learnin:^ treatment. 
The ineasurements have been descriptions of the behaviors, and 
usually these are researcher constructed instruments. The attri- 
butes of the instruments have been concept mastery, memory 
achievement, and problem solving success scales. The?e research 
practices are faulty, if not largely worthless. 

The real nature of learning by hutTians cannot be discovered 
until the research designs are reoriented and the data of observa- 
tions are more closely matched to behaviors. Both changes are 
inclusively similar to philosophy. The exact behaviors^ must be 
recorded as the subject executes them. Every behavior must be 
recorded in the sequence of the history of the output of them by 
the human. Paper and ^^encil tests do not obtain such data, only 
the results of many ensuing cognitions by the human. Data from 
a study of learning must be recorded as the human Is making each 
overt action in a normal learning experience. 

There are major kinds of learning tasks x/hich humans encounter 
in research experiments, fortunately these kinds are too easily 
categorized because they are constructed by other humans. Re- 
searchers have commonly constructed recognition, memory recall 
and problem solving tasks. Unfortunately, the subjects have not 
always developed mind sets which identify the task as that kind 
orl2lnally labelled by the researchers. For instance, a child 
tnaybe given a passage to read and then be asked to answer a 
question. The child might regard the passage as a problem even 
before he or she discovers the question at the end of the pass- 
age. Researchers cannot easily know the dissonance of such a 
mind style held by the subject unless he asks the subject.^ Once 
the question is asked a cue situation contaminates the whole 
experiment. 

Sequential learning experiments have not been properly 
conducted because the behavior arrays could not be adequately 
recorded as data. For example, how does one measure the way a 
child solves an electric circuit problem after he or she has 
been Instructed on how to trace complete circuits. Or if a 
child Is given a series of written passages, over a period of 
time, how can data be obtained which describes what was learned 
from reading each passage and what was accamulatl'/ely learned 
from readin;;; the sequence of passages and thinking about them. 
The standard answer to these research problems has been to 
administer a test at various stages and to ascertain how much 
the child has learned. However, each of the tests serves as a 
cue to the child, and can even provide associational cognitions 
in the memory. 



\Jhat is* needed in research on learning is a revolutionary 
reorganization of design and of beliavior description practices. 
A new model needs to be constructed on the basis of the nature 
of learning and learning ^•)ehavior. The pedagogical aspect of 
learning research must be done in the cast or the learning 
environments set in education institutions. New pedagogy 
approaches should be attempted, but they too must be constrain- i 
ed to the learning behaviors of humans. 

A model for humans learnin:^ which is based on descriptions 
of human behavior can be so narrowly drawn as to be rejected by 
some researchers. The several approaches of past models have 
sufrered becaas's they satisfied only some of the learning 
research groups. Researchers of the schools of Ausubel, Gagne, 
Piaget, and Druner have not yet been given enough corresponding 
justification to accept a new theory or one of a concilliatory 
nature. The other specialists in physiology and psychology have 
also developed biases regarding new models. This knot of view- 
points has brought forth a new group of model builders. The 
artificial intolligonce people, busily doing computerized 
simulations of behavior ensembles, are trying to incorporate the 
psychological principles and physiological 'uechanisiris into models 
(for example, see Ik and 1^). Hven the researchers of various 
name-] Aboil led schools are exploring computer approaches (l6)# 

The question of a model comes down to a description of the 
overt behaviors of humans and a corresponding description of the 
processes in the human memory. Both descriptions must be for 
simultaneously, or matched sequences of successions, occurring 
actions. The contemporary schools of learning seem to explain 
overt behaviors in philosophic terms and not of the real memory 
processes. The causal mechanisms of the memory processes are 
labelled with descriptive terms, such as assimilation, sub- 
sumption, and equilibration. Another school takes a behavi. ristic 
approach as the explanation for causal mechanisms. That school 
is at least honest in concentrating on an invented hierarchy of 
externalized tasks and the experiences of humans in conducting 
the kinds of learning tasks. 

Humans are not machines but man has constructed machines 
which he has made human-like in their actions. The mechanistic 
approach Hot describing human learning activities and memory 
processing is probably the most easily understood by researchers. 
Humans receive information data from the environment. The Input 
channels are through the sensory system, and one cannot now take 
into account an extrasensory channel. These input channels, or 
modalities, are us'ially of a visual or auditory kind, or a 
combination of themj. The output channels which concern learning 
researchers are vocal and aanual. Humans output information in 
words, which are spoken or written, or manually handle objects 
as information signals to the research observer. 

The researcher constructs an external environment which 
broadcasts information to the learner or human receiver. Know- 
ing tlie structure of the information which r/as broadcast, the 



researcher waits to observe the output behavior and to code it 
as information corresponding to the origincil iriiormation. The 
difference in the two sets of information data are calculated ' 
and is ca3.1ed what vras learned. The intervening scenario of 
memory processing is explained as accomodation or subsumption. 
Differences in kinds of tasks is defined as an a posteriori 
event which can be explained hy the history of the humans' 
past experiences and the structural complexities of the experi- 
ment information, 

i/hat Ls wrong with the previously described model? The 
structure of the experiment information cannot be quantitatively 
defined. The modalities of input cannot be traced as to the 
amounts of informatioa traveling via each kind of channel. The 
output cannot be put into quantitative data vrhich corresponds 
to what is known about the physiology of the brain. A new 
model must account for each of those problem areas. Until that 
is done;, there cannot be a conciliation of the two groups of 
learning researchers. The schools of learning concentrate on 
the information inputs and outputs and the artificial intelli- 
gence people deal with "explaining" the intervening processes. 
Weith'or of the tv/o groups will ever be tested for the veracity 
of their models because of the discontinuity of their descriptio 
of total learning behavior. 

The model proposed in this symposium is one which can be 
us id to describe all three stages of behavior processes. Further 
more, portions of the psychological and "artificial intelligence 
schools are incorporated into the operations of the model. The 
artificial intelligence group may believe the model is one of 
theirs but we don't consider membership to be a real one# It 
is true the meclianistic componqnts may seem to betray our 
position* However^ there is some physiological support for our 
approach to describing memory processes. 

A conceptual scheme has been emerging from recent brain re- 
search. Deutsch (17) studied tonal pitch discrimination and con 
eluded that "the pitch memory store is arranged logarithmically 
in a highly ordered and specific fashion".- Wickelgren (I8) 
reported that cat colliculi cells receive and integrate visual 
and auditory information. Trehub (19) has reported evidence 
that visual representations are operated on in Fourier Series in 
the brain. Wiener's (20) autocorrelation system equations have 
been recently found to operate in neural activity and several 
researchers have found neuronal activity loops operating in the 
brain. The long and short term memory stores seem to be able to 
operate independently and simultaneously (21). These claims 
indicate the human memory is either (l) a machine^ (2) can be 
described as a machine^ or (3) is being described in terms of an 
operating machine. Regardless of the position one takes ^ the 
description of the memory must involve qualities of storage data 
and quantities of processing actions. Miller's (h) "chunking" 
principle has survived many psychological tests. Simon (22) 
recently supported Miller by claiming that research indicates 



the "chunk" level is oporatod in terms of the mental maturity 
of children. The percept for learning model then is for a 
quantitatively described system or pattern of memory processes. 

The learning schools have a multitude of differences in their 
means of describing information input and output. They do, how- 
ever, seem to agree that an environnent task does have content and 
structure. Therefore, in order to have a conciliatory outcome, 
the model must describe the content and structure of the learning 
taste and behavior output. Nevertheless, there seems to be one 
concept which has eluded the proponents of 'ohe learning schools* 
It is claimed that normal human behaviors^ treated as a sequence 
of behsviors, are Markovian* This is a subtle consideration but 
has a major importance in the research of learning behaviors, 
v^ery simply it means there is a stochastic dependence between the 
observed behaviors of a human who is engaged in processing a learn- 
ing task. One possible explanation for this omission is that, 
heretofore, researchers have not attended to gathering data which 
describes the complete continuum of the behaviors of a processed 
task* 

The concept of the Markoff Chain of human behavior has been 
extensively studied by PD« at the University of Pittsburgh. 
Verbal and non-verbal behaviors have been coded in recognition, 
memory recall, and problem solving kinds of tasks. The behavior 
codes were placed in a matrix, as a Markoff Chain is a sequence of 
event data. These matrices were raised to powers by 6«}lf -multi-* 

Elication algorithms* The r»ia trices, of dimensions as high as 
0 by UO, were tben tested for a steady state. The principle of 
Markoff Chain steady states (U) is that a stationary condition 
will be obtained at some raised power. This procedure Is a 
valuable test for the validity of the coding of the continuum 
of human behavior. In FIMH, whenever a steady state was not 
obtained, an examination of the data revealed the behaviors 
were discontinuous. For example, a task involving a circuit 
board was given to children and their actions to Illuminate a 
set of lights by closing switches were recorded. However, the 
behavior continuity was lacking because some uncertainty operated 
in the behaviors. The uncertainties were due to the hidden 
circuity behind the board panel. The interchange of an incomplete 
physical field of perception and erratic behavior sequences could 
not be recorded into a complete, and discrete ^ sequence of 
behavior codes* 

The Markoff Chain concept of behavior data raises a major 
research problem. The behaviors of humans, being dependent 
(the 7 action depends upon the X action), means the data needs 
to be tested on a nonparametric basis. The importance of such 
a statistical approach is discussed in Section Two, page 3U. 

Some points of connection need to be considered at this 
point. Assume that the behaviors of a learning experiment have 
been correctly recorded and that the record is a complete coo-* 
tinuum of the behaviors of the human processing the task. The 



matrix power treatment for a steady state condition wi^a reveal 
a major finding* At steady state the X behavior becomes in- 
dependent of the I behavior. This condition could be consider- 
ed as related to memory processing. The ax'^gument could be that 
the condition describes the retrieval aspect of the memory 
storage processes. Several authorities (5^6) have described the 
TTiatch process as being a means for an "identity" between the in- 
put information and stored information so an output message or 
action can be constructed. The steady state could be regarded 
as an interruption condition, or as the information retrieved 
from the memory stores. 

The structure of the sequence of behaviors in a learning 
task experiment is a critical issue in research studies* Few if 
any researchers quantify the structure aspect. It is^ hox-^ever, 
the suia or total quality of the sequence of behaviors. The 
nature of the structure is exemplified by the data content of 
the matrix of coded behaviors. Datum entries in cells of row 
and column intercepts provide a continuity aspect of pairs of 
codes. However, the sequencing entries of A to B to C to D, 
etc. of codes indicate even greater continuity. The occupancies 
of particular cells of the matrix indicates the kind of distri- 
bution of behaviors observed/ For example, a sequence of behaviors 
could have been executed in a step -wise fashion, with no repeti- 
tion of the steps being done by the subject. The matrix of codes 
would indi.cate a diagonal matrix condition. Thus, the structure 
of the taslc pattern would be revealed by the density and distri- 
bution of codes. VJhat remains for using a Markoff Chain in a 
matrix is to devise a system for coding behaviors, on a non- 
weighted basis, and establishing a quantity measure to describe 
the structure of the matrix content. The degree of structure in 
matrices and their meanings regarding learning and learned 
behaviors were studied by the model group at the University of 
Pittsburgh. The study is described in Section Tito, page i|S. 

Thus far we have considered the model in terms of satisfy- 
ing the concerns of the artificial intelligence group of reseax-'ch- 
ers. The psychological principles of learning have not been 
accorded attention. There is a large number of principles, 
which when constructing a model, one needs to recognize. The 
principles, do, however, involve the basic percepts of input 
and output information behaviors. Because ox the large niomber 
of princip].es, the model validity is presented in paragraphs 
which state the principle and tests of the model corresponding 
to that principle. PEW has studied 20 principles in the 
development of the model. . Nine of them are discussed in this 
Symposium. 



1 ) Recal l or information output is r elat ed to learning ex- 
peri ences ~ " ^ 



The structure of human behaviors can be quantified with 
information theoretic measures. Such behaviors ma/ be of learn- 
ing tasks or recall cognitions^ depending on the experimental 
design and the s/stem for coding behaviors. Ei^rht of 38 ex- 
periments had the recall behavior structure quantified for in- 
formation flox'j. Four of these experiments also had input or 
learning behaviors which were treated for the quality of the 
structure bjr quantif jring the information flow. The rest of the 
experiments had the input or learning behaviors tx-^eated for the 
structure of behaviors. Regression analyses of these experiments 
revealed that the structure of behavior was significantly* related 
to cognition and learning experience behaviors^ as well as to in- 
put or output score values. The interchange of measurements of 
shrncbure of behaviors in input and output tasks ar^e exemplified 
in experimouts which define the following principles. The con-- 
elusion vjas that the model defines structures of behaviors whether 
they be of input or output memory experiences. . . 

2) Hj^^^p5,.^^ho, receive inf ormation through different modali ties 

use^ dif?e3?ent behavior stVuclySFes*" ih re'cTallin^ the^ in format ion. 

The expeiriment involved llLj. seventh and eighth grade children 
of a suburban school. Two groups of children were each presented 
the same 600 word passage describing radar systems of animal. s and 
predation. One group heard it spoken on an audio-tape. The other 
group read it under controlled conditions. The reading group was 
allotted a length of time adjusted to their reading ability^ as 
measured by a standardized reading test ( see references). 
Both groups were then given an immediate recall task to write what 
they had experienced. The recall passages were scored for the 
tei'ms recorded which had been in the orir^inal passage. Then the 
recall passages of the subjects were term-analyzed and treated 
to quantify the structure of the behaviors. 

The research question was to compare the recall behavior 
structures of the groups of humans who had re ceived the same 
information through either auditory or visual modalities. It 
should be kept in mind that both groups ised a written, visual 
output in the recall task* The source passage had a variety 
of 38 terms. The visual group recalled a significantly larger 
variety of terms (mean of 19.5T). than x^as done by the auditory 
group (mean of 16,32 terms). The visual group also used their . 
terms to an extent significantly greater (mean of 66*2^ term 
messages) than was done by the auditory group (mean of ^l.Oii 
term messages). The auditory and visual groups did not signifi- 
cantly differ with respect to paragraph meaning achievement 
scores (see ref) and intelligence quotient ( see i^ef erences). 
An analysis of the mean values of algorithms which define the 
structures of behavior showed significant differences between 
the two groups. Out of ten tests the visual group had six kinds 
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of information flovj greater than the tlm for the auditory- 
group. The differences were that the visual group had a great- 
er flow of input and output information, and used a greater 
amount of error correction in processing the iiu'ormation. On 
the other hand there v;as a greater amount of spuriousnesa in 
the structures of behavior for the auditorjr group. The auditory- 
group also had a greater amount of coded information per input 
information in the short term memory store. 

Two regressipn analyses were conducted to determine the 
differences of relationships of behavior structures with the re- 
call or variety of torms. These analyses were step-wise re- 
gressions (BMD0-2R) and last-load regression (DAMO-3). The 
step-wise regression load showed that the information flow 
defining the structures of behavior in recalling were different 
for forecasting the variety output by the two modality groups. 
The major information flow forecaster of variety variance x*or 
the auditory group was how the humans coded information received 
from the ongoing task of writing the recall passages. On the 
other hand the visual group had major forecasters which involved 
spuriousness in the long term memory store^ the relationship of 
input information to a code factor, the information processed in 
the short tern memory store, and the strength of dependence be- 
tween processed behaviors. The last-load regression analysis 
revealed that 11 inforraatlon floir algorithms and intelligence 
quotient could collectively forecast 96;? of the variance of 
variety recall by the auditory group and 99% of the variance of 
variety recall by the visual group. Durbin-Uatson Statistic (23) 
values for these analyses x^ere very similar for the two groups' 
behaviors and indicated the loadings were non-serial. 

Simple linear regression analyses were used to test the 
relationships of the- structure of behavior to. the intelligence 
quotient. Ten of the 27 structure algoritlims values were 
significantly correlated for the visual group and only 3 co- 
efficients of correlation were significant for the auditory 
group. It could be interpreted that the intelligence quotient 
was more related to behavior structures of the human of the 
visual group than to those of the auditory -roup. This interpre- 
tation is supported by the finding that where an algorithm value 
Mas found to be significantly correlated to intelligence quotient 
for both groups, the highest coefficient occurred for the visual 
group. The intellect trait was related to visual learning by the 
structure behavior information flow properties of input informa- 
tion, the coding of information, useful infonrntion in the STB^^ 
output information, the sharing of information by consecutive 
behaviors in the STM and the LTM^ ^ and the error correction informa- 
tion in the LTM. 

The conclusions for this experiment are both revolutionary 
and puzzling. The quality of the behavior structures which were 
quantified Tjere of recall cognitions. The recall task was 
processed by writing what had been experienced in a learning 
task. The recall output was controlled '^o be of a visual feed- 
back modality. That is, the humans could use their eyes to 
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receive information of x-ihat they were writing in their recall 
behaviors. The experimental variable;-^ were the means hy which 
the two grorps of humans acquired the information in the learn- 
ing experience. One group heard the content passage and input 
information by the auditory modality. The other group read the 
content passage and input information by tne visual modality. 

The visual modality group was able to recall a greater 
number of the different terms (variety) than was done by the 
auditory modality group. Therefore, the two groups had differ- 
ing levels of cognition which must have depended on the modality 
err^loyed for receiving information in a 3.earning experience. It 
was not a function of intelligence or ability to coiiriprehand para- 
graph meaning 5 or level of literacy* The question was how to 
account for differences in cognition for groups of humans receiv- 
ing inCormation by different modalities. 

The two experimental groups were found to differ in the 
structure of their recall behaviors. The differences wero how 
the hu^.ians processed information in completing the recall task. 
This discovery, in itself , is a major contribution to the study 
of learning. Hoxrever, a puzzle still remains to be solved. The 
information flow which describes the structure of recall behaviors 
xfas different for the two groups ox humans. However, as both 
groups recoiled verbal messages they could use their eyes to read 
what they had written. The word mtrix of what was written defines 
the sequence of outputs from the human memory. The algorithms 
of information flow define the structure of that matrix, or 
structure of output behaviors. When the researcher gets large 
numbers of significant relationships of behavior structure with 
the words recalled from the learning experience and with the 
intellect, or intelligence quotient, what should be the con- 
clusion? There is one interpretation which could be advanced 
for consideration. 

The structure of recall behav iors are measurements of the 
nature of the information stored in the human memory. The 
argument could be that a human can recall only what was stored. 
What is stored in the human memory is related to what was per- 
ceptionally experienced and concept-processed in the human memory. 
The logic of this argument can be tested. The source passage was 
terra analyzed and quantified to define its structure of informa- 
tion. The useful information algorithm, believed to be related 
to the long term memory store, was used for the model test. The 
recall behavior data, for the same algorithm, of the auditory 
group was selected for treatment. It was hypothesized that the 
useful information of the information source (passage) was 
partially received through the auditory modality of this group 
of humans. The treatment was to calculate the difference between 
the useful information flow of the source passage and the output 
recall behaviors of the auditory groups of humans. The co- 
efficient of correlation between these measurement data and the 
variety of terins recalled by the auditory group was found to be 
significant (rxy of -0.55). The interpretation was that, as 
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there was a decreased difference of useful long term memory 
infonnation and the useful information received in the learn- 
ing experience;, there was an incx^ease in tha number of differ- 
ent Hords which could be recalled. Then a simple regression 
analysis was made between the variety of words recalled and 
the LTM usefiil information in the recall behavior structure. 
This coefficient of correlation was found to be of the same . 
significant value. However^ it was a positive correlation. 
This could be interpreted to mean that, as there v/as an increase 
of the LTM useful information flow, there was an increase in the 
different words recalled by the humans. The dependent variable 
for both regressions was the recall variety. In one case the 
independent variable was a function of what had been received 
from a source and recalled as useful LTM information. One of 
the slope ratios was a decrease in differences between the 
received and recalled useful information and the other was for 
an increase of recalled information, as there vxere increases in 
the recall of different words from the human memory. To put it 
another way, as the difference between the useful infonnatioii 
stored in the memory and useful information output in a recall 
task decrease, there is an increase in the number of different 
words that can be x^ecalled from a learning experience. The 
increase of useful information output in a recall action results 
in an increase in the number of different words which can be re- 
called from a learning experience. Is it possible that what was 
really quantified is the information which was stored in the 
human memory and later retrieved by a visual feedback of what 
had been retrieved? This is not an isolated finding or is it an 
unfound interpretation. The rationale is supported by the studies 
described in principles four, seven and nine. 

3) J:P'B^?'}'^^^^ o btained i n the solving of a problem affect the 
memory process involved in human behavior . 

Children involved in solving a parallel circuit problem are 
influenced by the number of times they test the inference of their 
solution. This variable, as a positive or negative instance, was 
found to be a forecaster of potential of success in solving the 
problem. More ivaportantly, the instance variable was found to 
be related to the information flow in the stmcture of behaviors 
of the children. The study of children of grades one through 
twelve is described in the contributed paper on page 38« 

I4.) The stru ct lire and content of an information s ource is 

related Tiio -glie information obtained f rom menTory^ cognition . 

In this kind of experiment the subjects wore given a written 
or spoken passage for information on a topic. The passage 
structure was quantified. The subjects then wrote or spoke a 
recall of the passage. The structure of the recall output was 
also quantified. Later, the same subjects (M of U6 adults) were 
given a new and different learning task. For example, they were 
given a non-word visual object sorting kind of task. Subse- 
quently^ the subjects recalled the objects displayed in the sort- 
ing task. The structure of the practice learning in the sorting 
task was quantified. The design now had four phases. The phases 



with quantified structures were the passage source ;> a recall of 
the passage source^ and a sequence of boh£';Viors enacted in sort- 
ing visual objects. The other phase was a score for tho recall 
cognition in the second task. A statistical treatment of the 
values of the throe structures showed they were significantly 
related. The relationship was that ox the difference between 
the structure value of the first task information source (pass- 
a-^e) and the structure of the recall in the second task. Quite 
simply the amount of information received in a learning task and 
recalled from that learning experience is directly related to a 
haman^s ability to have a cognition in still anothe.-* kind of learn- 
ing task* One can easily assign another meaning to the results of 
these experiments. The structure value of the behavior sets are 
actually isolates of the deg.?ee of memory processing occurring 
in the brains of the hum^n subjects. 

The results of another experiment reinforced the claim of 
isolating tlie structure of memory processes. College under- 
graduates (M va3.ues of 17 and 19) were instructed on how to 
solvG an alecbric circuit problem. Later, the subjects were 
asked to write a passa^re recalling the instruction. Then they 
were given a set of concrete objects to use in constructing 
kinds of parallel circuits. The structure of the instruction 
and the recall statements of the subjects were quantified. The 
groups of subjects who succeeded in solving the problem had 
significant correlations between the differences of the source 
(instructor) and recall structures of information and the score 
on their recall of information. There was no relationship found 
for those who failed to solve the electric circuit problem. One 
could conclude that success in pr^oblem solving is related to a 
"meaningful" mt^asured learning experience. 

^) Standar dized measureme nts of i ntelligence and achievement 
arV related to only^ome Mnds of learning behaviors^" 



The supposed measurement of intelligence by I.Q. types of 
scores and tests are not of value for predicting potentials of 
humans in processing x^ecognition and problem solving kinds of 
tasks. Such measurements are related to the memory recall kind 
of human behavior. The evidence for this claim is from 11 experi- 
ments which were of special design»s to explore such relationships. 
In order to discover the intellect quality and its^ relationship 
to task processing, humans had to engage in more than one task 
and do different kinds of tasks. The behavior sets of each 
person doing a task were placed in a matrix. The matrices were 
each quantified for their degx^ee of structure. Regression 
analyses were conducted to test the relationship of intelli- 
gence va3-ues to structure values. Significant linear relation- 
ships were found only for memory recall kinds of tasks. We are 
presently studying the data of the experiments as we suspect 
non-linear 4?elntionships may exist. The standardized measure- 
ment instrurr3nts include Intelligence Quotient (Otis and Stanford- 
Binet), Miller .Analogies Test, Shipley Test (Abstract Form), Iowa 
Tests of Basic Skills (ifep Reading, Reading Graphs and Tables, 



ilat hematic 3 Problem Solving^ Itit hematic j Totals and Composite 
Score), and the Stanford Achie\^ement Test (7orm Science 
Achievement, Aritlimetic Concepts, and Paragraph Meaning). 

6) Task processing strategies of human' b e havior can be identi- 
f ied by t h e structure "ipurlousness conc ept/ 

It was previously mentioned that humans confronted with a 
particular kind of task may not perceive or process the task a^s 
the kind originally conceived by the researcher or pedagogist. 
This finding was studied with two kinds of experimental designs. 
Both involved a special property of Markoif structures of behavior 
patterns. It is very easy to quantify the degree of spuriouSness 
of input and output information in the structure. Humans who 
process a large number of different kinds of tasks (as many as 
eight tasks) each have a specific range of spurious information. 
An informal observation is that females generally have a higher 
average of spuriousness of information. Furthermore^ adults x>rho 
behave erratically have wider ranges of spuriousness of informa- 
tion. In fact J such a relationship is seen in the processing of 
successful problem solutions. The second design approach was to 
administer particular kinds of tasks to large numbers of humans 
of differing characteristics (e.g. sex, age^ mental maturity, 
and processing modality). 

The results of these 30 studies for spuriousness of informa- 
tion in behavior structure has provided us with criteria for 
defining learninr?; tasks. The range scale, which is now regarded 
as very reliab"^ ;;- has some overlap for tasks. This seems to be 
due to individual differences. Spuriousness of information can 
be expressed in percentage values. The^e values are S% to 20% 
of structure for recognition tasks, 20% to 32% for memory recall 
tasks, and 32% up for problem solving tasks. Sevei'al interest- 
ing diagnostics are found for the scale: 

a) A test for Iferkovian behavior is that the input 
spuriousness is always less in value (percent) than 
the spuriousness in the output information. The 
reason for this phenomenon is not yet well understood. 

b) The success potential for humans to solve problems 
decreases as the percentage of spurious information in 
the structure increases. This is quito logical be- 
cause the counterpart of spuriousness is a measurement 
of the useful information quality of the behavior 
structure. Particular kinds of useful information 
input and output in the memory seems to be requisite 
to success in task processing. 

c) Children who process a proble.n solving task tend 
to increase the furious level as there is an increase 
in the level of mental maturation. This corollary 
will be discussed in principle nine, page 27* 



ERIC 



-11- 



d) Incongruit/ of human perception and the kind of task 
being processed usuall/ results in low success problem 
solving. For example, those humans vxho have a behavior 
structure in a memory recall range and are processing 
what is regarded as a problem (such as the electric 
circuit problem) usually are unsuccessful. 

e) Successive learning experiences in a low level problem 
solving task result in a decrease in the level of spurious 
information in later behavior structures of the process- 
ing of the problem. This discovery is logical when it 

is realized that such learning involves an increase in 
tho useful information in subsequent learning behaviors. 
This corollary is discussed in principle seven, 

f ) Memory recall has been found to be related to standard-- 
ized intelligence kinds of test scores. So too are 
intelligence quotients related to the spuriousness measure, 
la six experiments ire have x'ound significant correlations 

^ of spuriousness and intelligence quotient. The regression 
intercept for spux*iousness always was found to be betweea 
!(}% and 22^^ of spuriousness of structure for tho behaviors 
of the group of humans processing the memory recall task. 
The interpretation could be that^ when there is no intellect, 
memory retrieval has a spuriousness of structure of about 
20/J. It follows that recognition memory processing does 
not involve the intellect, as measured by intelligence 
kinds of tests. PIMM has a group of researchers pursuing 
this problem. 

g) Children at the pre-operational level of mental maturity 
differ from operational level children in learning and 
cognition behaviors in visual space tasks. Three groups 

of children, from kindergarten, and grades four and 
eight, were given a photographic display of objects in a 
living room. Each child verbally enumerated what they 
saw in the photograph projection. Later, they verbally 
recalled the objects in the photograph. Finally, the 
children were given 20 randomly drawn miniature cut-outs 
of the objects. They placed these objects on a paper 
outline of the living room. This spatial location task 
was scored for correctness of geographic placement. The 
spuriousness of structures were calculated for the 
behaviors of the enumerating task and the verbal recall 
task. The spuriousness values were found to be signifi- 
cantly related to the spatial location scores of the 
groups of children. The spatial location scores in- 
creased as age levels increased (mean values of 7*3^ 
10,7, and 11.3^ respectively). The levels of spurious- 
ness percentages decreased (to differences of less than 
one percentage point for grades I4. and 8) between the 
practice experience and recall structures. In fact, 
the average difference was 9.8 percentage points for 
the kindergarten group of children. In each sample. 



the spiiriousness in the behavior structure increased 
from the practice or enumerating experience to that 
of the verbal recall experience. 

7 ) Successive learning and recall experiences have behaviors 
whi ch are d ir ectly related to the infonnation flow in "t he 
avior st ructure. 

There are several model algorithms vrhich can be used to 
describe properties of the structure of a set of behaviors* Several 
experiments have been done with a classification sorting kind of 
task. Other tasks are now being tested in experiments. How- 
ever^ there is enough evidence to report the principle of immediate 
and delayed cognition memory processing. 

The adult subjects were presented a display of Ik geometric 
objects (triangles^ squares and circles) which were col-ored (red^ 
blue^ green^ and black) and labelled with an identity number 
(randomly assigned integers of 2 through 19). The subjects were 
given 11 minutes to write the identities (number label) of objects 
in sets which have common properties. The 16 subjects were later 
asked to spatially locate and identify the objects in the display 
(referred to as Recall #1). A vreek later the same subjects were 
asked to recall the objects and to spatially locate and identify 
them (referred to as Recall #2). Two hours later they were given 
the practice learning experience of sorting the objects and an 
imraediate x^ecall task (referred to as Recall -;^-3). The structures 
of the two sets of pattern behaviors in the practice learning 
experience were quantified by coding the set entry elements into 
a matrix (one matrix for each practice learning experience). 

It was hypothesized that the structure of the learning be- 
haviors x^as related to delayed and immediate cognitions for the 
same kind of task. Cognition was defined to be the spatial 
location and the attribute identifications of ^he objects 
(shape;, color^ and identity number). A maximum of U2 was 
possible for a recall score (after a correct quadrant location^ 
each property of shape^ color, and number label was enumerated). 
The average recall in the first immediate recall score was lU.2^ 
(two ''chunks'^. After a delay of one week, the average score 
was 11,38 (Recall #2). The average score was 21,9 for the 
second l^jriediate recall (Recall #3). 

An exainination of the eleraents which were recalled was quite 
interesting. An average of 7.2^ elements vjere common to recall 
tasks one and two. An average of 6,69 elements were common to 
recall experiences one, two, and three. An average of 8.56 
elements were nexf in the third recall experience^ These recall 
values seemed to indicate that "chunking" and associational learn- 
ing was occurring. 

Over 300 regression analysis tests were conducted to 
determine the relationships of structural properties of informa- 
tion flow with cognitions. Three major findings were obtained 
from the analysis 
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Eight different information £1om measures of the two learn- 
ing experiences wore signixicantljr correlated. These measures 
had to do with the degree of spuriousness ox information flow- 
in the beha\ricr structures and the anount of input information 
which was coded for channel information "trans miss ion'^ ' 

The second finding was that tho change in levels of 
cognition between the three successive recc'.ll experiences were 
related to each other as wsll as to the properties of informa- 
tion flow in the structures of the learning tasks. Several 
examples can explicate this major finding. The cognition in 
recall task number two (delayed recall) ^ consisting of the 
elements of task one and two which were not common^ was signifi- 
cantly related to the degree of spurious structure in the first 
practice learning experience. The intercept for the regression 
test was a 12^7% level of spuriousness^ indicating cognition 
originated in the recognition region of memory processing (see 
principle six above). The relationship of the structures in the 
two practice learning experiences was by the degrees of spurious- 
ness in the two learning behavior structures. The regression 
intercept for the spuriousness for the second learning; process, 
xjhen thore would be no spuriousness in the first experience, was 
l^m9%^ Again wg see a level of recognition cognitive behavior as 
the ^^beginning point" of the degree of spuriousness in the 
structure of behaviors. The mean averages for the two tasks 
were 35^ and 3k% of spuriousness, respectively. The memory 
processing range then "moves" from a recognition phase to that 
of a low level problem solving process (seo principle six for a 
description of spuriousness levels which define kinds of task 
processing) . 

The third finding involved a study of the attributes of the 
task. The major attributes were the shape, color and identity 
numbers of tho ll; displayed objects. Regression analysis of the 
recalling of attributes showed significant relationships for the 
sequences of cognition. .?or example, the number of shape elements 
retrieved in the first recall task \rere related to the number of 
new shapes in the delayed recall task (Recall #2). The number 
attribute of task one was significantly correlated to the recall 
of task three number attributes. 

Color was a more intricately processed attribute. The re- 
call of color in task one was related to the old (or color 
elements recalled in tasks one and two) color elements and to 
the nevr color elements in task two (delayed recall). The problem 
then for a cogrifcion of color attributes in a delayed recall seem- 
ed to be one of a kind of long term memory storage of the colors 
of the lit figures in the learning display. The question was then, 
how could the structure of the learning behaviors (in the first 
practice learning task) be related to the delayed ^recall task, 
or more specifically, what had to be recalled from the long term 
memory stores of the human brain. The discovery of an answer to 
the question was quite revolutionary, but very logical. 



There are several quantitative measures o" the structure 
which are collectively called steady state inrormation flow 
measures • It w?.s explained on na^e U ^that the Marlcovian 
matrices of behaviors can be ''driven^' to conditions where the 
elements of behavior are no longer in a related sequence, but 
are ^'separated" froin each other. It was inferred that this 
condition coald be a description of the long term memory store. 
If this was the case^ these kinds of information flow measures 
should be related to the cognition in a delayed reca3.1 task^ and 
which occurred one x^eek after the initial learning experience - 
The old, cr color elements common to the first recall and the 
second delayed recall, were significantly correlated x-fith five 
different measures of steady state information flea-/. The question 
of hovr such an aspect of the structure vas linearly related con- 
fronted us. The solution was that the total number of color 
elements recalled in task two was correlated with a special measure 
of information flox^. This measure is considered to represent the 
input information received in a learning task and then stored in 
the human memory. The relationship ox the cognition of color 
elements in the third recall task to previous cognitions ^^^as 
quite difx^erent. The old elements of the second recall task was 
significantly correlated with the old color elements recalled in 
task three. This sequence of ^'causal'^ relationships is a major 
breakthrough for the veracity of the model. Quite simply, the 
information stored in the long term memory \ms quantitatively 
described by measures of the model. Furthermore, and quite 
importantly, this correspondence x-fas directly related to the 
information retrieved from the long term memory and then output 
during a delayed recall task. 

One final point shoul.d be mentioned for this relationship 
of the model structure of behaviors and cognition. There is 
probably a complex of comparators in the human brain which 
moderates the pathways of information retrieval. Sternberg (6) 
has postulated the existence, of such a processor* The change of 
cognition levels for the attributes of shape, color and number 
were found to be significantly correlated with three different 
kinds of information flow measures. Tv/enty-two different 
measures for the information flow in the structure of the 
cognitive behaviors were regression analyzed. Fourteen of the 
measures of the first practice experiences of learning behaviors 
and five of the second practice experience measui^es were found to 
be significantly correlated to change in the levels of cognition. 
In other words j the test of relationships of the measures of in- 
formation flow with the total cognition changes for the three re- 
call tasks were significant. The degree of significance was 
greater for the first learning experience than for that of the 
second learning experience. 

The significant correlations were of measures of information 
flow in the original matrix condition, and not for the previous- 
ly mentioned information measures of the steady state condition. 
A refinement of the analysis of cognition elements into shape^ 
color and number attributes was found to be the same as that for 
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the total scores of cognition. In other x/ords, the changes 
in attributes are correspondetit wit a changes of total 
cognitions. Both actions, being similarly related to in- 
formation flow measures, could mean that the cotuparator of 
the hmoan brain operates as a loop of information transmission 
through the short term memory store. 

8 ) Vis ual so r ting of subjects and cogni t ion of locations of 
splilial representations are related t he mental matu - 
r ation of humans and the structure o T lJEieir learning 
Eehavior s^ 

The visual sorting experiment described in the preceding 
principle was conducted with suburban school children of grades 
two, four, six and ten. The design variation was that the 
children experienced the first phase, consisting of a practice 
learning experience and an immediate recall task. The practice 
of set formations of the 207 children was categorized as to the 
reason for each formation. One of the categories was the use of 
two or raore object attributes (such as size, shape, color, etc.) 
for the formation of a set. The proportion of the groups of 
grade level children who practiced "attributes" increased as there 
was an increase in grade level. The respective percentages of 
grade level groups were: 6.2 (2nd), 39.0 (Uth), U2.6 (6th) and 
56.6 (lOth)« These proportions could be interpreted to have 
some implications about the mental maturation of the children 
participating in the experiment. 

The interpretation of how humans sort elements and then 
have a recall cogrition is very complex. Not only did the age 
groups differ in the practicing of attributes, but there was 
also an innovation in the using of patterns of the display for 
forming sets at the sixth grade level. The number of the 
elements recalled also differed for the age groups. The grade 
groups reca^aed an average of 10.1 (2nd), 11*U (Uth), 12.9 (6th), 
16^3 (lOth) elements in tiie immediate recall task. However, the 
number of sets the group formed in the practice learning experi- 
ence was not in an ordered fashion. The average number of sets 
were 8.2 (2nd), lU.O (Uth), 10.1 (6th), 18.0 (lOth). There was 
not a direct increase in the recording of set entries. The 
entry averages were 3U.8 (2nd), 59.6 (Uth), 50.3 (6th), 77.7 (lObh). 

The practice learning experience of set constructions 
involved six kinds of reasons for set formations: shape, color, 
number, attributes, pattern, and for other reasons. The recall 
task involved memory retrievals of the shape, color and number 
elements. Thesn sub-scores can be used for a total score (a 
possible i,i£::imum of U2, or lU objects times 3 attributes). In 
addition^ the experiment design included external variables. 
These Mere the number of sets, number of set entries, intelli- 
gence quotient, as well as the Shipley Test (Abstract Form) 
for the sixth and tenth grade groups. The experimental design 
involved these lU variables for analyzing how humans process 
the learning and cognition recall task. 



ERLC -16- 



The structure of behavior actions in the learning experi- 
ence was calculated for each child. This treatment was quite 
coraplicated, as it involved the use of 23 algorithms for 
measuring the information flow in the experience for learning. 
Seventeen of these algorithms were for the orij^mal matrix 
structure and five were for the aforementioned steady state 
condition of the structure (see page I4. for the discussion of 
steady state). The other one was for the strength of dependence 
between behaviors. 

Three statistical treatments of the data were conducted to 
test the significances of relationships. These treatments 
involved simple correlations, sxr^p-wise multiple regression 
analyses^ and last-load multiple regression analyses. This 
means that 3^588 coefficients of correlation were calculated 
in statistical treatments. Then the groups of grades four, 
six and ten were treated as to last-load regression analysis 
for those who did or did net practice attributes. Th:s 
involved another array of 3^680 coefficients of correlation. 
Consequently, the reseax-^cher was confronted with interpreting 
7^263 coefficients ox correlations for the regression analysis 
of how children had practice sorting experiences for learning 
and recall cognitions. A unique systeiTi of pattern analysis 
was used to establish the characteristics of age levels of 
children and the structure of their behaviors in the learning 
and memory processing of the task. The relationship of the 
flow of information in the structure of the behaviors for 
children of different age levels and the possibility of 
determining levels of mental maturation was tested by a two- 
step analysis* Table One shows the average scores for elements 
recalL'.ed and the number of elements practiced, as reasons for 
set formations, in the learning behavior phase of the experiment* 

The shape element xfas the only attribute of the sorting 
display x^hich was recalled in increasing numbers as the ages 
of the groups of children increased^ The recall of the color 
attribute increased to grade four and then remained relatively 
stable. The a::^ca3.1 of the number attribute was relatively 
"even" for the first three grade level groups, and then increased 
to ^»1 elements recalled by the tenth grade groupa 

The practice of sets for shape reasons separated into two 
levels. The second and fourth grade groups practiced about one 
less set than the number of elements recalled. On the othe:? 
hand, the sixth-and-tenth grade groups recalled about twice as 
many shape elements than they used for reasons in the forma- 
tion of sots in the practice learning experience. The groups 
all practiced more color sets than the number of color elements 
recalled by them. The relationship of practice sets for 
number reasons and the amount of number eleinents fluctuated for 
the grade level groups. 

On the surface there seemed to be a disparitj in the ways in 
which the groups of children processed the attributes in the 
learning task and in the way the attributes were recalled aa 



elements* One clue for the explanation was to assume that 
children who Tormed practice sets for reasons of two-ornmore 
attributes had different cognitive behaviors than children who 
did not evoke such behaviors. An examination of Table One 
shows that such an assumption is quite valid* With onl/ two 
exceptions, the groups of children who operated with the 
attribute characteristic had greater numbers of elements re- 
called in the iinmediate recall task. The exceptions were 
where fourth grade children recalled the color elenient in 
similar amounts (3#3 elements) and where the group of tenth 
grade children who did not practice two or more attributes re- 
called more number elements (5,3) than the gro\ip of tenth 
graders who practiced attributes (U*8)* A comparison of sets 
practiced and elements recalled showed that the group of children 
who practiced attributes formed the same nui ber or fewer numbers 
of sets than was the nuniber of attribute elements recalled in 
the immediate recall experience. 

W3 could then conclude that children of differing ai^es 
processed the learning and cognition aspects of the sorting task 
in different wa/s. The precessing patterns ware then due to some 
difference in aental maturity. This inferencs was pursued in the 
two-step analysis. The greups were examined for the use of two 
or more attributes as reasons for forming sets in the practice 
learning experience. As slv^wn in Table One, there was an increase 
in the average number of attributes sets as the age of the 
children increased* This discover/ allowed us to statistically 
anal/ze the grade level greups of children for a relationship of 
the attribute cliaracteristic to the practice and cognition behaviors 
and to the information flow in the structure of the learning 
behaviors. 
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We now had a multlHiimensional analysis situation. The 
dimensions were (l) two kinds of mental maturity (the practice 
of attributes and possibly chronological age)^ (2) the use of 
four display attributes in a practice experience, arxi (3) the 
recall of three display* attributes. This complex of para-- 
meters was compounded by the criterion that the^e were differ- 
ences in the structure of the behaviors of the groups of 
children. It was previously mentioned that algorithms have 
been developed to quantitatively define the quality of the 
structure of human behaviors. The testing of 23 different 
algorithms in such an analysis was almost impossible* Thus 
they were grouped for interpretation purposes. Regression 
analysis tests were computed (in a last-load treatment by the 
DAM 0-3 Program) for all 23 algorithms. Then they were grouped 
into three levels^ on the basis of the three characteristics of 
the memory. These were the simulations of the short term memory 
store (Level One), long term memory store (Level Two), and by the 
strength of dependence between behavior events. The latter factor 
was tested for differences of information event dependencies by 
the age atrt attribute groups. Table Two lists the mean strengths 
of dependence. It can be seen that differences did exist for 
the characteristic groups. 

TABIE IWO 

STRSNGTHS OF DEPENDENCY BETWEEN BEHAVIORS IN 
THE VISUAL SORTING TASK* 

Did Not 

GRADE lEVEL Total Practiced Attributes 



X S.D. IC S,D. 



Practice Attributes 
J S.D. 



TWO 


.00097 


.00129 










POUR 


.0O3U8 


.0029U 


.003Ui 


.00272 


.00350 


.00311 


SK 


.OO3I4O 


.00580 


.00U30 


.OOBlU 


.00282 


.00329 


TEN 


.007U0 


.00751 


.00581 


.ool^U 


.0O9U7 


.01020 



^ICTOated for the I6th power of the matrix condition. 



ERIC 



-20- 



The significant last-load regression coefficients of the 
analysis v/ere used to determine the relationships of learning 
and cognition for the attributes of shape^ color and number 
and information flow values in the three aforementioned cells. 
The presence of significant relationships in t'le three cells 
is symbolically noted in Figure One. The interpretations of 
the findings from Figure One are as follows: 

SIIAPE a) Grade tvTO practiced and recalled about as well as 
did grade four. The information flew of practice (P) 
was almost ths same, the difference being that the 
grade two group had practice-information flovi relation- 
ships in the LKl---. The basic difference for a greater 
recall by the fourth grade group was the relationship 
of cognition to the STIl^ ^ and sti-ength of dependence 
between learning behavTors* 

b) Grade sue recalled elements more than did the grade 
four group, even though fewer sets were practiced. 
The difference seems to have been due to a cognition 
and attributes behavior in the STM. Grades six and ten 
both practiced about half the number of sets as were 
the number of elements recalled by each group. 

c) Grade ten recalled more shape elements than was re- 
called by grade six. The grade ten group differences 
seems to be a relationship of cognition to the strength 
of dependence between behaviors. 

d) The attributes groups differed in recalling shape 
elements; the groups practicing attributes recalled 
more elements in each comparison. However, with the 
exception ox equal amounts in grade ten, the groups 
practicing attributes formed fewer sets for shape 
reasons than dona by the groups which did not 
practice attributes. As can be seen in Figure One, 
the difference was that the practicing attributes 
groups had cognition and attribute relations hip?! with 
the -flow of information. 

COLOR a) Grade two practiced and recalled fewer elements 
than did grade four^ The ^rade four group, hox'j'ever, 
had multi-level cognition relationships XTith informa- 
tion flow. 



^ ^STM : Short term memory store;, level one in Figure One. 
• ^LTM ; Long term memory store, level two in Figure One. 



b) Grades four^ six, and ten had about equal patterns of 
practice and recall. The^^ did differ in the relation- 
ships of information flow to behaviors. The general 
affinity was the presence of cognition and attribute 
relationships, 

c) There is not a clear explanation for differences of 
attributes groups recalling differing numbers of color 
eleinents. There v/as no difference in recalling by 
grade four. The groups which did not practice attri- 
butes in sixth and tenth grades did practice more color 
sets than they recalled. The information flow relation- 
ships did differ in patterns for the attributes groups. 
The difference xras possibly due, in grades four and ten, 
to the presence of attribute-information flow relation- 
ships. In grade six, there seems to have been a differ- 
ence by there being no practice behavior relationships 
in the STM. It may be that cognition relationships had 
a dominating effeotj, particularly when operating in the 
STM. 



NUIfflER a) Grades two and four had similar recall cognition in 
member elements. The paradox was that grade four 
practiced more reasons of number set than x^as recalled 
as elements, and the group of second graders recalled 
almost six tinies more than was practiced. The differ- 
ence in information flow relationships was the presence 
of an STM cognition factor. 

b) The grade four and six groups differed by grade six 
recalling more than was practiced- Again the difference 
seeiiis to be the presence of cognition relationships with 
information flow in the STM , and probably more important- 
ly, the LTMc 

c) Grades six and ten differed by the grade ten recalling 
more and practicing more than done by grade six. The 
information flow difference was the cognition presences 
in the LTM. The case was of single operators for the 
color and the attributes practice. There seems to be 
some added value of cognition in the LTH when not having 
a practice relationship accompanying it. 

d) The attributes groups exemplified the roles of the 
attribute-information flow and the single operator 
concept. The groups practicing attributes had more 
efficient recall compared to involvement of practicing 
number sets. The patterns of difference were that grades 
four and six groups which practiced attributes recalled 
more elements and practiced fewer number sets than done 
by the group which did not practice attributes have at- 
tribute-information flow relationships with the strength 
of dependence between behaviors and the LTM. At the 
sixth grade level, the idea of practice and cognition 
being in the LTM exhibited the operator contamination 
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concept. In grade ten^ the similarity in recall could 
be explained by the respective presence of Information 
flow relationships with cognition and attributes factors 
in the LTM. 
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The role of intelligence in processing tlie structure of 
behaviors for the sorting task is intriguing » In some "ways 
it is an indicator of a role in behavior processing as well 
as the interaction of attributes operations. The signifi- 
cant correlational relationships of intelligence quotient with 
information flow are listed in Figure Two. The figure also 
contains significant correlations of the total recall score, 
the Shipley Test (Abstract Form); ad.ninistared in grades six 
and ten)^ and the number of sets practiced^ with information 
flovi in the two levels ( STH and LTM ) and strength of depend- 
ence. 

The role of the total number of elements^ or total recall 
score J in information flow relationships was not large. Ex- 
amine the sub-scores for the attributes of shape^ color and 
number elements in Figure One in order to understand the 
small role of total recalD. score. In factj, only nine out of 
230 last-load total score coefficients of coxrelation testf; 
were significant. This is compared to 56 significant corre.la- 
tions (for 230 tests) for intelligence quotient and 72 signifi- 
cant correlations (for 230 tests) for tho numbers of sets 
formed in the practice learning experience. Comparatively 
spea'cing, the role of intelligence quotient is "almost" as 
great as that of the number of sets formed in the practice 
learning experience. 

It is tempting to consider the measured intelligence 
factor as an indicator of the intellect or memory process- 
ing function in human behavior » The relationship of the 
"intellect to mental maturation characteristics, such as in 
this study, could be drawn in terms of the sites of memory 
processing. These inferences may be seen in the quality of 
the patterns ivi Figure Two. The total recall score (S) was 
related to information flow in the lower grades. The exception 
was for the sixth grade group which did not practice attributes. 
Generally, the relationship operates for groups of children in 
second grade or fourth grade. Scan the lovels-of-forecast 
sections of Figiare Tvjo. The section has number entries with 
^'one'^ indicating that entry which had the highest forecast for 
the variance of information flow in the structure of behavior. 
As the grade level increased, the highest ''intellect" forecast 
of information flow variance went from operating in the SIM 
through the LTM, and then to the strength of dependence between 
behaviors. 

Wow examine the symbols of Figure One and compare the 
cognition entries with the level-of-forecast section of Figure 
Two, Txj-enty-six of the cognition entries match in level and 
dependence entries with the entr 3 of the intellect. Only 
seven of the cognition entries do not match, and four of these 
xiTere for the sixth grade group which did not practice attributes. 

The Shipley Test measures the abstraction potentials of 
humans. It is interev^ting to note that it was criterion matched 
to the "intellect" in the STM for groups of sixth and tenth grade 
children xiho practiced attributes in set formations. The next 
principle will contain a discussion of the value of this test in 
diagnosing mental maturation levels. 
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This extensive description of one study* may seem complex. 
The findings and interpretations were presented in a qualitative 
fashion because of the complexitjr of the exporiment. Please 
note that over 1^900 significant last-load coefficients of 
correlation were found in one treatment hy a multiple regression 
analysis. The forecast levels of information variance ranged 
as high as 70 percent. Interactions were tested with the Durbin- 
V/atson Statistic (23). The pathway analysis is in progress for 
a quantitative interpretation of the data. This preliminary- 
analysis of the findings involved only the significant forecasts 
and their numbers. Nevertheless^ x>re feel the major interpreta- 
tionSj presented herein^ are quite valid. 

The basic conclusions of the study were: 

a) There is a Piagetian trend in the practice learning 
behaviors and recall cognition for the sorting task. 

The attribute of shape is more clearly ox this character- 
istic. The use of two or more attributes in the forma- 
tion of set increases with age^ and reinforces the 
argument for a Piagetian approach. The conclusive evi- 
dence Is found in the success in finding differences of 
age groups which did or did not have the attributes 
characteristic. Not only did they have differences in 
learning behaviors^ but they also have different cog- 
nition outputs. 

b) There is a complex of relationships of the informa- 
tion flow of behavior structures which operates? for the 
mental maturation and ages of groups of children. Cog- 
nition for information flow is largely a pattern of the 
roles of strength of dependence between behaviors^ 
attributes^ intellect and abstraction potential. Dominance 
roles for the processing of information through the short 
and long tern memory stores were found as explanations 

for differences in cognition by mental maturation levels 
of groups of children. 

9) The processing of non -^ contextual an d contexttxal clasax- 
ficatio n sor ting t ask s" by human's of'ltoncre te and formal 
operational lev;els^_are related to the" structu re of their 
^eha vior s/^ ^ 

This experiment was an extension of the one descx-^ibed in 
principle eight. The major research question was^ given the 
operational levels of children aged 1^ years, is it possible to 
distinguish behavioral structure changes resulting from instruction 
in classification sorting? A unique design for the sample 
treatments was developed on the basis of the Shipley Test 
(Abstract Form)* Three studies were conducted to test the 
relationship of Piagetian task performances to focus on the 
Shipley Test. The validity and reliability of five pilot 
studies encouraged the continuance of the research project. 

The experiment herein describing this principle was conducted 
by David 1. Dunlop. 
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A population ox" 375 ninth grade children was administered 
the Shiplejr Test. The top 100 and bottom 100, in tentis of sex, 
of the score ac '.levers of concrete and formal operational levels 
were selected. Fifty males and 50 females were selected from 
the upper and lower thirds of the score distribution of the 
375 subjects. These children were given the Ih object sorting 
tasl: described in principle eight. Then they processed a 
practice learning experience and recall cognition for a task 
involving Ih kinds of a^iimals. A split sample of 50 from each 
of the two operation levels wag then given instruction on sort- 
ing procedures • The control was given a placebo statement of 
instruction. Then the experimental and control samples were 
given a second sorting task of lU new animal objects. On the 
fourth day of the experiment, the samples were given a new task 
experience. Each group of children was asked to construct an 
individual sorting task scheme. Then the children were asked 
to practice their own classification scheme by forming sets of 
object elements and giving the reasons for each set formation. 
Immediately following that experience the subjects were asked 
to recall the criterion elements of their classification schene. 

This experiment afforded the quantification of information 
flow of behavior structure in several experiences of practice 
learning. The behavior data for each child were treated for 
Information flow measure values In each of the four practice 
learning experiences and for their recall of a passage In the 
instruction of how to do classification sorting or of the placebo 
statement. 

This study is still In progress. However, preliminary 
analyses do Indicate there are several major findings. 

a) The study was found to be a replication of that one 
described In principle eight, A last-load regression 
analysis (DAM--03) of variables was conducted for each of 
the five research phases of the experiment. The proportion 
of significant correlations was found to be 63*7 percent, 
as compared to a 61^0 percent level in the previously 
described study. Considering the unreliability of 
replication in most educational research studies, this 
outcome of statistical treatments Is quite phenomenal* 

b) It was mentioned In the study described In principle 
eight that the children who practiced attributes In set 
formations provided a criterion for discriminating 
children of the concrete and formal operational levels. 
It was reported that the groups of children which 
practiced attributes had larger average recall scores 
than the respective groups which did not use attributes 
for reasons In forming sets. In the present study It 
was found (see Table Three) that the formal operational 
groups had significantly higher recall scores than those 
obtained by the concrete operational groups. 
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c) Th3 contextualizing of a task^ changing the display 
objects from geometric figures to pictures of animals, 
affects the set forrnation practices and recall cognition 
behaviors of operational level groups. The contextual- 
ization effect caused an increase in the recall of 
elements* (Examine the averages in Table Thre^. This 
increase was greater for the concrete group than for 
the formal operations group. The recall of shape, color 
and number elements varied as to the operational level 
of the groups of children* The recall of shape decreased 
by iQ^Ofo for the formal group and 7.1/S for the concrete 
operational group. The increased recall of color-name 
(name was substituted in task two for the color attribute) 
occurred in corresponding proportions for the two operation- 
al level groups. The recall of the identity number of the 
objects decreased by U5#6/? for the formal group and only by 
29*6/b for the concrete group. The practice of set forma- 
tion characteristics for the two groups showed shifts of 
behavior for the two operation groups. The two groups 
did not differ in the increase of the proportion of sets 
attributed to the name of the animals, as compared to the 
color of the objects in task one. The set formations for 
this attribute label increased by 232.38% and 218, 23^ 
for the respective formal and concrete groups. The 
concrete operation group had greater decreases in the use 
of shape and identity number set reasons than done by the 
formal group. The two operation groups did not differ in 
their decrease in the use of pattern reasons for set forma- 
tions. However, the changes in the use of two or more 
attributes for set formations differed for the two opera- 
tion groups. The formal group had a 90^1^ decrease and 
the concrete group had only a 2$»0% decrease in the use 
of "attributes" for set formations. The formal group 
increased the use of ''other" reasons by lk7.22% for set 
formations in task two. On the other hand, the concrete 
group decreased the use of "other" reasons by one quarter. 

The conclusion was that abstract (lU geometric objects) and 
concrete kinds (ll; figures of animals) of perceptual tasks 
are processed in different ways by groups of children in 
the formal and concrete operational levels* The differ- 
ence is that concrete operational children can recall more 
if tho object information received by their senses is of a 
concrete nature. These children tend to practice shape 
more and use shape for a recall cue to a greater extent 
than done by foxml operations children. They also re- 
call number labels from concrete displays more effectively 
than done by formal operations children* In addition, the 
concrete operations children seem to have a relatively 
monotonic perception of "attributes" characteristics, 
regardless of the degree of abstractness of the display* 
In other words, by the abstractness of perception of en- 
vironment of objects^ the concrete operations child has 
a limit in the use of two or more attributes for forming 
sets. On the other hand, as displays become more abstract 
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(the use of geometric figUj.^s)^ formal operations children 
tend to be more capable in using two or more attributes in 
fomnation of sets. 

These findings indicate that the contexbualizing of in- 
formation objects in the environment is more beneficial 
to concrete operational children than it is to formal 
operational children. Hoi'^ever, regardless of the 
degree of abstractness of the task repertoire, formal 
operc.lonal children can process the information and have 
a more effective cognition than can concrete operational 
children. 

The aforementioned findings posed a rather revolutionary 
question. '7'he question was, were these differences 
manifested in the flow of information in the structure 
of behaviors. 

Tlic mean values of 27 different kinds of information flow 
were used to test the significance of differences betvxeen the 
concrete and formal groups of children processing the sorting 
tasks. The t-test results are shown in Table Four . There 
were more differences between the two groups of children in the 
fl'Dw of information in the contextualized task than occurred in 
the non'-conte:>d>ualized task. In other words, in task two, 26 
of the 27 different information flow quantities were found to 
have test values for the two groups which were significant at 
the five percent level* This is compared to only 13 of the 27 
flow quantities bein^- significantly different in task one, 

liie context levels of the two tasks were manifested by the 
significant differences occurring for different behavior 
structuare levels. The differences between tasks were found to 
be that the flow in task one was exclusivel/ that of the short 
term memory store. In the contextualized experience^ task two, 
the differences were in all three behavior structure le^^cls. 

The t-test results in Table Four also indicated that there 
were task-or\ented differences in information flow >/hich depend- 
ed upon the operation level of the ohildre> . In every case t^'^ 
formal operation group :>£ children had a greater floi^ of inf ox (na- 
tion tlian found for the concrete operation group. For example, 
examine the number of signifL;aat t-tests in the short term 
memory level of task one. The 13 significant tests were distri- 
buted with nine of them having greater information flow 
manifested by the foiroal operation group than for the concrete 
operation groitp. 
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VJithout going into the results of severa3- analyses of 
the data of this experiment it should be obvious that several 
conclusions can be dravm hy the reader. It was originally 
proposed that children of different mental maturation levels 
differed in the ability to process and recall a sorting task. 
The operation levels were apriori distinguished by an abstraction 
test (Shipley Test). The two groups of 1$ year old children 
were given two kinds of sorting learning tasks which were 
controlled as to content display (ih objects with attributes )« 
The tasks were different as to iDeing '^abstract" geometric shapes 
and being of pictures of animals- The two groups differed as to 
numbers of reasons for set formations and as to the amounts and 
kinds of recall cognitions. Furthermore^the contextualisation 
effect xias evidenced by different behaviors for the two operation 
groups. Finally, it was found that these differences were confirm- 
ed by differences in the information flow by the two groups of 
children. Consequently, operation levels of children of the same 
chronology nal age may be identified by task processings and 
cogultions as well a?; bohaviox- sbi-uctni-e ohAi-acberisbics. 
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Design and Testing Problems in riGasuring 
Information Flow 

VJillard W. Korth 

The basic concepts of the information memory model present 
a major problem in the statistical treatments of behavior data. 
The purpose of this paper is to expl.ore the properties of the 
model and the conditions for selection o^ tests of statistical 
significance. Before discussing the problem, the model needs to 
be more clearly defined. 

The Mathematical Theory of Communication developed by 
Shannon is of two kinds of source information (1). One of these 
is that there is a continuous source of iiiTormation and the other 
is a source of discrete units of information. The memory model 
is used to describe observed human behavior enabling us to focus 
on the nature of the discrete source of information theorems. In 
order to develop these theorems, Shannon (l), proposed several 
mathematical conditions. He utilized the theory of Markoff 
Chain processes which were ergodic. This kind of process involves 
finite states of transition. On the basis of this special kind 
of raathematical vsystem, Shannon constructed nine theorems for 
noiseless transniission channels. He then made three more theorems 
for noisy transmission channels with discrete sources of informa-- 
tion* The distinction between these two kinds of channels became 
the crux of the failure of behavioral scientists to appreciate 
the potential applicability of Information Theory, The history 
of this use of the theory was discussed on page I4. . In the 
following paragraphs we will discuss the subtleties of the 
mathematical basis of the channel conditions for discrete sources 
of information. 

The behavior data iur.trix is always a square matrix which has 
i, 3 cells for data entries. Each row entry has an intersect 
location for describing the succeeding behavior. The transition 
states are then fixed by the seqaaence of behavior data. Such a 
constructici introduces conditional prooabilities for the oc- 
currences of behavior variety. 

We now have a >iarkoff Chain which is described by the very 
nature of the behavior data. Several mathematicians (8,11) have 
exhaustively described iylarkofi Chains but have not completely 
applied it to learning behavior situations. Shannon approached 
the application with a study of the approximation orders of word 
passages. However, he did not pursue that concept ir) the limits 
of Markoff processes. Khinchine (2U) and Smorodinsky (25) 
skirted the problem by setting maximal limits for ttie ergodicity 
of source infoimation. 

The PIMM group attacked the rejuvenation problem of Informa- 
tion Theory and memory models by going back to the basic mathe- 
matical properties of Markoff Chain processes. This involved 
the concept of the matrix, its^ Markovicit/ for data occupancies, 
and as a tool for calculating information measures. It was 



discovered that behavior data matrices driven to steady state^ 
had H(x) values approximating those of H^j-d). Figure Throe 
describes the hierarchical relationship 01 information flow 
algorithms. Two main branches operate for the original matrix 
information measures. These are listed under the heading of 
short term memory.^ 

F IGURE TIIREE 

Schematic Diagram of the Algorithmic Relationships 
of Information Flo;^ Measures 
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The steady state condition for a Marlcoff Chain matrix is v/here 
the i values become homomorphic in value* According to Feller 
(11), this invariant condition is attainable only if it is ergodic. 
We, then have come full circle. The behavior data previously- 
described is in fact Markovian and ergodic. Herein then is the 
proof of the validity of the information memory model. The 
practice of assigning information flow algorithms to these data 
then is a natural application of Shannon's Mathematical Theory of 
Communication. The PIMM discovery of the relationships of H(x) 
and Hj^(Y) at steady state of Iferkoff Chains was a major break- 
throi:^h. In this condition, according to the Theory of Markoff 
Chains, the i and j intersects become independent. This being 
the case, the PBfttl analogy for the long term memory information 
storage and retrieval becomes plausible. 

The data use described for Markovian behaviors presents a 
major problem for researchers. Clearly, the data of the original 
matrix is not independent* Ho^jsver, at the steady state, it can 
be assumed that the behavior data is independent. Thus, on the 
one hand, the behavior data is dependent, but then on the other 
hand, by algorithmic operations, the sane data is now independ- 
ent. 
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In order to determine the effects of results for using 
different kinds of statistical tests in treating information 
measures^ it was decided to assxime that the data was not in- 
dependent. The test of this assumption was to use the data of 
principle two (see page 6 ) for a step-wise linear regression 
analysis (BMD-02R) . This program computes a sequence of 
multiple linear regression equations in a stepwise manner. At 
each step one variable is added to the regression equation. 
The variable added is the one which makes the greatest reduction 
in the error sum of squares. Equ^ valentljr it is the variable 
which has the highest partial correlation with the dependent 
variable partialled on the variables which have alreadjr been 
added. 

The first loader was found to be the H(x) measure* How- 
ever^ as other variables were added to the regression equation-, 
the 7 value needed to remove H(x) from the equation decreased. 
In fact, by the loading of the 12th (of 30 information measures) 
measure, H(x) was removed from the equation. It was thus con- 
cluded that the algorithmic dependability strengths of the 
information measures were not as strong as had been initially 
anticipated. 

A second study vias made of the serial correlation of vari- 
ables in the experimental data of PIMM. The DilI4-03 last-loader 
multiple regression analysis was used in this study. Several 
sets of experimental data wene studied. The Durbin-Hatson 
statistic (23) vas used for measurements of serial correlation. 
It was found that the usual variable loads were non-serial. An 
interesting observation was that non-serial correlations 
ensued when the historical and property differences of behavior 
data increased. An example is the behavior data collected on 
the processing of two different kinds of tasks by the same group 
of humans (not reported in this symposiiim). The tvro kinds of 
task involved information processing strategies in recall and 
problem solving tasks o It was found that variables of task one 
had greater degrees of serial correlation in the significant 
relationships with the cognition for task two, than were the 
second task learning variables which were related to the 
cognition of task two. This paradox xTas made more complicated 
by another finding. Multiple regression total load forecasts 
for the information flow of the behavior processing of both 
tasks were compared. The dependent variables, in both analyses, 
were the cognition scores for task two. The same H-measures 
were used for regression loadings for each of the two tasks. 
Three major loadings were done with H-measures which are claim- 
ed to represent levels of short and long term memory stores. The 
forecasts of total loads for the variance of cognition scores 
decreased as the loadings simulated a ''passage to the long term 
memory store An example of load forecasts for the three 
analyses of each of tLa tasks were: »71^ ©UU^ and .29 for task 
one, and .U?^ #38, .08 for task two. As can be seen, the short 
term memory flow forecast was greater than long term memory 
flow forecasts. The degree of serial correlation increased 
positively for the same direction, or as the forecast decreased 
in value. The paradox is then one of differences between groups 
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of H-measiires operating different memory process designates 
their Markovicity of independence, time trends for differ- 
ent task information flow and the independence of variables. 
PIMM is continuing a study of this interesting situation. 

The final problem in the statistical testing of the 
memory model is one of great magnitude. The basic theorem 
developed by Shannon (l)^ in Information Theory involves the 
summation of a series of negative logarithms. The algorithmic 
outcome is an entropy value for each behavior of those behaviors 
involved in the experience. The algorithms obtained from this 
theorem become more dependent^ as shown in Figure Three, ^nd 
lead to a question of independence of relevant variables. There 
has been some attention to this problem. Clearly variance kinds 
of tests between information measures would be tenuous. An 
interesting sidelight has been the use of information measures 
to test the independence and self-importance of data. Char-Tung 
Lee (26) has done this successfully by using conditional measures 
such as Hy.(X). His position was that X and Y variables are in- 
dependent of = H(X) or the previously mentioned proof 
arrived at by PIMM. Taking this into account it seems more 
logical to use regression types of analyses for treating memory 
model processes and components. 



Problem Solving Behaviors and Perceptive Modalities 

Barbara K. Felen 

As an attempt to explore the potential of an information 
theoretic model in the anal/sis of overt problem-solving 
responses, students in grades one through twelve were given a 
dry cell batter/, a single throw switch^ two niiniature light 
receptacles with bulbs, and five wires with alligator clips at 
both ends. The/ were instructed to put the materials together 
so that both bulbs would light up and so that when both bulbs 
were lit they could unscrew one bulb and still have the other 
one remain lit. The instance of having both bulbs lit was 
defined as a test situation. Tho test situation was consider- 
ed negative in the case of a series circuit and positive in 
the case of a parallel circuit. The various wire connections 
made by each student were recorded on eight by eight matrices, 
rows and columns of the matrices being representative of the 
various problem step components. Information measures were 
calculated directly from these matrices. The groups of solvers 
were classified into two categories, successful and unsuccess- 
ful. Each category was then further subdivided so as to be 
representative of grades one and two, three through five, six 
thro\:^h nine, and ten through twelve. Mean information measures 
for each of the eight resultant groups (success and failure) 
were determined and analyzed in an attempt to distinguish patterns 
of information flow. Simple correlations and multiple regression 
analyses (riAM--03) were applied as tests of significant relation- 
ships. Herein, a groups s number of test situations processed and 
number of connections made were examined to determine tiieir 
credibility in predicting mean information flow variance. 

The definition of LTM in M-'- as new "chunked" information 
in the short term memory store and LTM in steady state as 
information retrieved from the long term memory store along 
with an examination of these figures in Table Six contributed 
greatly to our understanding of factors affecting problem out- 
come. Since, in all cases, LTM steady state values were great- 
er than LTM values^ it could be inferred that all groups 
manipulating the parallel circuit problem processed their 
greater amounts of information in the long term memory store. 
Successful problem solutions of children in concrete and formal 
operational levels (as established by grade level standards) 
were characterized by amounts of long term memory retrieval 
that were greater than those displayed in unsuccessful 
solutions. Thus, success in grades three through twelve was 
due to an increased ability to retrieve previously stored 
memory experiences. In turn, failure ensued as the efficiency 
of long term memory retrieval decreased. 

Examination of LTM percentage values in also revealed 
that information measures could be indicative of mental matura- 
tion levels. As students^ reasoning powers developed through 
concrete and formal operational levels (as indicated by an 
advancement from grades one through twelve), they appeared to 



process the parallel circuit problem by employing progi*essive- 
ly greater usage of their short term Tnemory store, this usage 
als^ays being "more pronounced in the case of unsuccessfiil 
student groups who were compared to their corresponding success- 
ful counterparts. Thus, mental maturation as related to problem 
solving vxas a function of decreased retrieval of material 
'^learned through experience, 

TABIE FIVE 

Hx(Y) R«E. for Circuit Connections 
j. by Grade Groij^s 



PROBLEM OUTCOIffi: 




Grade Groups 




for Hx(Y) RE 


1-2 




6-9 


10-12 


Successful: Mean 
S.D. 


.1526 


.60U8 
,0993 


.^329 
.1U79 


,5507 
,1521 


Unsuccessful: Mean 
S.D, 


.5i+78 
.1331 


.52UO 
.1202 


.5270 

,119U 


.52U3 
,1208 



At the concrete and formal operational levels problem outcome 
was cilso found to be related to the various noise levels existing 
in steady state conditions. Successful students in all cases had 
larger amounts of total useful information accompanied by 
correspondingly lower total noise levels. Noise levels v/ere also 
lower in both first and second alligator clip connections (NOISE 
IN X AND NOISE IN Y) processed by successful groups. Since use- 
ful (IJEAL) steady state information was identical to LTM at 
steady state, the previous claim that successful students retrieved 
more information from their long term memory store was again 
supported. 

Simple correlation analyses applied to various information 
measures showed that the number of connections processed by a 
student served as a good predictor of his LTM value in M^. When 
a student was successful an average of 71% of his variance in 

could be predicted, this prediction of LTM variance remaining 
fairly constant throughout the successful grade groupings. How- 
ever, in the case of unsuccessful students this accuracy of 
predic'.ion was reduced as grade level increased (60% in grades 
one and two to in grades ten through twelve). In steady 
state conditions connections could forecast the variance of long 
term memory retrieval in grades three through nine for success- 
ful groups and in grades three through five for unsuccessful 
groups. Herein, negative correlations existed with LTM measures 
whereas in M-*- thesra correlations were positive. This implied 
that as number of connections increased information in the short 
term piemory store increased^ while information retrieval from 
the long term memory store decreased. The observed correlation 
pattern supported previously discussed aspects of the memory 
model (i.e. as students advanced through grade levels they drew 
more information from the sho.rb term memory and in turn decreased 
information drax^ firom the long tern memory store). la the case of 
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multiple correlation analyses^ connections as last loaders 
continued to significantly predict variance existing in the 
short term memory for tvro of the three, successful grade groups 
and for. three of the four unsuccessful grade groups. How- 
ever, in steady state conditions the variance of LTM could 
be forecast for only the unsuccessful. A study of forecast 
levels showed that the variance of all steady state H 
measures could be predicted, this prediction being possible 
only in the case of the unsuccessful. Here, the entity of 
"connecting" as a task in the real world was sufficient in 
itself to predict information values. In the case of success- 
ful students, students who not only "manipulated" but also 
drew fro'U experience, the act of connecting alone could not 
predict events with such accuracy. 

A consideration of correlations betx^een information 
values and tests afforded a further insight into instance 
factors affecting problem outcome. In the case of un- 
successful students the variance of uncertainty of the 
second alligator clip connection, given loiowledge of the 
first alligator clip connection (R.E. of (Y)), coiald be 
predicted in all unsuccessful groups. The "correlation here 
was negative, implying that as number of tests increased, un- 
certainty decreased (This could also be viewed as an increase 
in the level of redundancy). Reference to mean R.E. of H^(Y) 
values (Table Five), shox^red that for all concrete and formal 
operational groups uncertainty for succeeding was always at a 
higher level. On the surface this may appear as a contradicto- 
ry statement for success seems to imply that certainty is 
operating on the part of the problem solver. Hoxirever, the act 
of testing for the unsuccessful was always a negative instance. 
Accord.ing to Bruner (2?) "a long series of encounters with 
negative instances often requires the person to adopt modes of 
solution that are «xedominantly devoted to reduction on memory 
strain. " In the language of PIMM the unsuccessful chose to 
reduce uncertainty. Successful students followed negative 
instance encounters with exploratory responses and in tiirn 
raised uncertainty. Thus, willingness to "talce a chance" or 
ability to inhibit an incorrect response tended to influence 
problem outcome. 

TABIE SIX 



Short and Long Term LTM for Circuit 
Connections, by Grade Groups 

Grade Groups 



PR0B3SM OOTCOI^E: 




1-2 


3?I" ' 


6=9 


10-12 


D LTM-Mi" 












Successful: 


Mean 


0.0775 


0.1U90 


0.2U78 


0.2161 




S.D. 


o,oo6o 


0.0730 


0.1767 


0.1lii3 


Unsuccessful*. 


Ifean 


0,1272 


0,2266 


0.2993 


0.3U57 




S.D. 


0.111i9 


0.1712 


OMh 


0.1638 


2) LTH-SS 












Successful: 


Mean 


.2877 


0,7^52 


0.7581; . 


0.9277 




S.D. 


.0106 


O.U512 


O.U7U8 


0.5085 


Unsuccessful; 


ifean 


0.7U66 


0.5632 


0.5119 


o.5ii05 




S.D. 


0.2919 


0.3U50 


0.3362 


0.3513 
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According to Young (28) learning is a process involving 
inhibition of incorrect response and intelligence is a capaci- 
ty for inhibition (Note his definition of intelligence bears 
little direct relationship to I.Q.)# In this experiment, 
learning to solve the parallel circuit problem could be viewed 
as learning to inhibit incorrect response. Since success was 
found to be in no way correlated with intelligence scores, the 
definitions of Young are supported. As Young verbally defined 
learning, this study has attempted to define the problem 
solving aspect of learning via information theoretic measures 
and as problem solving is so vital a part of the whole of learn- 
ing theory, a mathematical whole (in light of this and other 
studies outlined here) may be anticipated by educators. 




The Cognitive Structure and Information FIot Characteristics 
of Children Who Received Instruction in Sorting Practices 



David L. Dunlop 



This stud/ was done to explore the effects of advance 
organizers on the information flow of Ip year old children. The 
task situation which was used for instruction was one of how to 
classify real world groups of objects. Eightjr-four children 
were given a task of classifying a display of lU pictures of 
different kinds of anijnals. The experimental conditions were 
described in principle nine (page 27 ). Tho set formations 
were quantified to obtain 11 information measure values (here- 
after called task one). Later^ the children were given a 30$ 
word passage on how to classify elements (task two). After read- 
ing the passage, they did a recall task by writing a statement 
of what they had read. The recall statements were scored and 
dichotomized into a "low" learning grovip and a "high" learning 
group. 

The third phase of the experijnent was to test the effects 
of the instruction in classifying. A new set of Ik pictures of 
animals was displayed to the children (tasic three). The children 
sorted the figures into sets by using the identity numbers of the 
animals. As was done in the preceding classifying practice, the 
set formations were treated for 11 measures. 

The information flow measures, as defined by the 11 
algorithms in task one and task three, were used as independent 
variables in last loading multiple regression analyses (DAM-03)# 
The dependent variables were the practice learning character- 
istics and the recall scores for tasks one and three. 

The "high" learning groups behavior traits are shown in 
Table Seven* This table lists the results of the regression 
analyses for tasks one and three, or before and after an 
instructional experience. Prior to the instruction experience 
(task two, above), the NOISE :X measure was of only minor im- 
portance in forecasting set formations (practice labels in 
Table 7 ) and cognition. The information measures CCDE, H^d), 
and REAL-SS were of even less importance in forecasting the 
cognition and practice characteristics. However, it can be 
seen that after the learning experience (task three), CODE 
became significantly more important in forecasting cognition and 
practice characteristics. The measures NOISE :X, H^d), and 
REAL~SS were also found to be more important forecasters after 
learning. 

The levels of forecasts of the same characteristics are 
shown for the "low" learning group of children in Table Eight. 
By comparing the "low" and "high" learning group characteristics 
forecasters, we can find meaningful differences. There was a 
conspicuous absence of the CCDE measure as a significant predictor 
before (task one) and after (task three) the learning (task two) 
had taken place. The NOISE :X and Uy^(j) information measures did 
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not generally increase in forecast levels after the learning 
experience had been given. The lEAL-SS measure folloxfed a 
pattern similar to that for the "high^^ learning group. How- 
ever, its importance as a forecaster was reduced. 

An analysis of the components of cognition for the ^'lovx^' 
and "high'^ learning groups was done by comparing them as a set, 
i«e.^ recall shape^ recall name^ recall number. The "low" 
learning group had a shift from five to nine significant 
cognition forecasters, after training. The "high" learning 
group moved from six forecasters before training, to eleven 
cognition forecasters after training. We interpreted this to 
mean that both groups had experienced instruction vrhich 
resioltod in information flow shifts for the task cognition* 

The shifts in forecasters for the sorting task processing 
showed that the effects of instruction differed for the two 
groups which had obtained different levels of learning from 
instruction. The table entries, beginning with "practice", 
were used to study this finding (see row labels of practice 
shape through practice '6ther "). The "low" learning group had 
lli- significant forecasters prior to instruction and a decrease 
to 10 significant forecasters after instruction. Furthermore, 
five of these 10 sj.gnificant forecasters were for the practice 
"other" trait^ where it had none for this trait, prior to 
instruction. The "high" learning group had 11 significant 
practice forecasters before instruction. There was an increase 
to ll; significant forecasts after training. It seems that the 
two groups differed as to the effects of the instruction on 
their classifying of objects. 

The changes of forecastability by information flow in 
practicing set formations in a sorting task after being in- 
structed to. classify were again examined for learning level 
differences. Compare the practice characteristics area of 
Table 7 and Table 8 . Notice that none of the 11 H-values 
significantly predicted the variance of recall shape for the 
"lotAT" learning group. The same learning group had four flow 
forecasters of the variance of practice shape prior to in- 
struction but only one after instruction. On the other hand^ 
the "high" learning group had four significant forecasts of 
recall shape after instruction, as compared to only one prior 
to instruction. However, the change in practice forecasting 
was very pronounced after instruction. The "high" learning 
group had an increase of from three to six significant fore- 
casters after training. The post-instruction changes revealed 
a marked pattern in the flo\T of information for the cognitive 
processing of the attribute of animal shape. The interesting 
point wan that the "high" learning group showed a significant 
gain in recalling shapes of animals from task one to task three. 
Notice that the H-values which were significant forecasters 
prior to instruction failed to do so after instruction. 



The post-instruction recall and practice forecasts for 
the "high'' learners were quite redundant in the roles of 
information theoretic measures. The flavr pattern effects of 
instruction were: a) practice learning input (HCx))^ CODE in 
the short term store, the correction of information errors 
(HyCx)), channel floi^ of useful (REAL) and spurious informa- 
tion (input as NOISEtX), and short term memorjr output (H 
b) cognition flox; redundancy for CODE H (X), and REAL? c) the 
cognition operator of sharing (H (X^Y) ) information betvjeen 
consecutive elements of information. This pattern is uniquely- 
apparent vjhen compared to the pre-instruction information flow 
pattern. This was one of conditionality for flow (Hy^iX)), 
dependence betvxeen elements (m1^), the short term memorjr 
organization of information (LTM), and cognition channel 
spurious ness (NOISE :X) . 

The "low" learning group had changes in information flow 
forecasts which could be explained in patterns as was just done 
for the processing of shape information by the "high" learning 
group. It can be seen in Table Eight that the instiniction 
effects xfere on changes in the processing of the name of the 
animals displayed and their identity numbers. The instruction 
effect was a shift to cognition regarding the names of the 
animals. The processing of identity numbers was one of short 
term memory storage in the experience and a long term memory 
storage for subsequent cognitions. The CODE memory component 
played a major role in the cognitive structure of the identity 
number elements. 

Several conclusions can be drawn from the findings of this 
experiment. It is clear that the two groups vrere different in 
their processing of learning experiences. The "high" learning 
group, which apparently utilized advanced organizers, shifted 
to the target of the shape of animals in practice sorting and 
information receiving and storage. This was a change from when 
the major information processing was of the geogi-^aphic location 
(pattern) of the animals on the pictorial display. The "low" 
learning group developed processing tendencies for the n^mes 
and identity numbers of the animals after receiving instruction 
on classifying. 

The information flow forecastability of learning input 
and cognition in the processing of a task is thusly altered by 
the use of advance organizers. More importantly, the fore- 
cast shifts indicate that cognition or recall is an effect 
of instruction, particularly for efficient learners. The 
major memory flow issue is how the received information was 
coded and then stcfred in the short and long term memories. 

These conclusions may seem to be quite intuitive, particu- 
larly if you are a proponent of the Ausubel School of Learntung. 
The ?JWi group is not of an active school membership, but it 
conducted the experiment as an exploration of the veracity of 
the theory. It seems that the concept of advance organizers 



was a discriminatins xactor in the experiineiit. High leai-^ners 
did differ froin low learners in learning facilitation and in- 
formation processing. By using a PM^I approach^ it was 
possible to confirm these aspects of the school of learning. 
The question of '^ordinate" kinds of cognitive subsiimpt j-ons is 
still being analyzed. This question is being explored by the 
PIMM feasibility for the inapping of memory processes and 
components with infoxT^tion theoretic measures. The target 
is to exa;aine the roles of the short term and long term 
memory measures to test the Ausubelian concept A' high and 
low ''subsumming" discriminabilities. V/e sup:gest that, in the 
reported experiment, discriminability was actually the quality 
of steady state measures in the memory model of PDM. 
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structure dness and Learning Behaviors 



Frank Fazio 

In this study an attempt was made to relate learning with 
changes in structuredness as iinplied by the uncertainty measures 
of the infonnation thv5ory used in this model. In the Eacyclo- 
paedia of Cybernetics (29), a brief survey was made of s^^ral 
stoofciaatic learning models which use a stochastic matrbc. All 
of these models agreed that the entropy (uncertainty) of the 
system of possible reactions decreases during the learning 
process, Hintikka and Suppes (30) presented various models 
relating learning and the structure of inf orma-^ion. They derived 
a learning curve for a transition matrix. Watanbe (31) 
proposed the inverse H-theorem described as the "Entropic Theorem 
of Learning'^ He showed that ths entropy (uncertainty) in- 
creases at the beginning of the learning process then gradually 
decreases when real learning begins. Shannon^ s (l) interpreta- 
tion is similar to Watanabe's inverse theorem. Shannon's 
fundamental theorera relates that the auiount of inf oi?riation (H) 
for a string, of successive symbols is approximately the logarithm 
of the reciprocal probability of a typical long sequence divided 
by t!ie number of symbols in that sequence. Attneave (3) like- 
wise concurs that an uncertainty decrease is an indication of a 
measure of patterning or structure* 

The assumptions of this study are the same as those stated 
in other parts of this symposium., They are that man's cognitive 
processes operate as an approximate ergodic source using a 
stochastic process and Markovian chain reasoning. Ifen^s 
behavior is considered Markovian since the probability of oc- 
currence of a specific behavioral event will depend upon the 
previous behavior. This specific study involved an investiga- 
tion of the structui^edness of the overt concrete problem- solving 
behavior of 2h3 college students working on three related 
electric circuit tasks. Problem solving in the real world 
involves the recognition of a goal and the devising of stra- 
tegies for processing i\e soluticrx. The behavioral sequences of 
college students solving electric circuit problems were coded 
as to the location of the terminal xfheire the connecting wires 
were placed* The two-bulb parallel circuit task had eight 
possible connecting terminals while the three-bulb parallel 
task and the three-way switch task had ten possible connecting 
posts« 

The order and sequence of the coded behavior (A^D, B, A, C) 
was placed in an interaction or transitional matrix. This 
matrix shows the distribution of the links of the chain of 
behavior. This transitional matrix also displays the con- 
ditional probabilities which can be calculated for each (i^j) 
cell entry. The patterns or the structure implied in these 
matrices (respective dimensions of 6I4. and 100 cells) can be 
seen as a distinct function of the number of entries and the 
percentage of cell occupancy. A random matrix would be more 
likely to have the namber of entries unifomly or evenly 
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distributed while a matrix with some structure or pattern 
would have certain configurations of exdQty cells. 

The transitional matrix can be indicative of the structure 
or the non-randomness of a subject's problem solving behavior. 
As a subject increases the number of problem-solving pathwa/s^ 
it can be expected that: (l) the distribution of the matrix 
cell occupancy increases^ (2) the conditional information 
(Hx(X)) increases because of the interaction of the pathways 
for a set number of solution steps in solving the circuit tasks, 
(3) the amount of noise in the input channel will also increase. 

In order to establish criteria for a random matrix, a 
computer program was written to simulate the behavior of the 
college students solving the electric circuit tasks in a random 
fashion. The computer output was a randomly generated transi- 
tional matrix. From many sets of random matrices, regression 
equations were determined to predict the expected random in- 
formation measures (Y): from the predictor variables (X]_) for 
the number of entries, and (X2) for the percentage cells occupied. 
The general random regression equation was expressed as: 

Y X]_ + X2 + c, and where c is the intercept 

Regression equations were determined for each of the follow- 
ing information measures: H^Cy) E., Code, Percent Code, Per- 
cent Real, LTM, NOISE :Xj for each of the three tasks. As a 
resiilt of being able to predict the expected random values, it 
was possible to compare the real world cognitive behaviors to 
that of the expected random behavior. A scale of structuredness 
was determined in order to make these coBiOarisons. The random 
region xias the area between + 2 standard'-error-of -estimate 
values from the expected mean regression line. Structuredness 
was defined as increasingly moving away from the random region. 
This concept is shown in Figure Four. 



FIGURE FOUR 
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The research design permitted coniparisons and contrasts 
to be made of subjects involved ia one^ two, or three electric 
circuit tasks. In addition, individual training sessions were 
provided to determine if the model components could be used to 
detect and quantitatively measure changes in behavior structure 
as a result of training. It was h^-pothesized that learning is 
proportional to structuredness. The proposition was that the 
more structured the output, the greater would be the degree of 
learning* 

The findings of the studjr consistently showed that 
conditional Information Relative Entropjr (H (Y) R.E.) and the 
NOISE :X components showed a decrease in value to be indicative? 
of structuredness. On the other hand, as tbo CODE, % CODE, 
% R3AL and LTM information values increased, there was a 
tendency toward more structuredness. Sixty-seven percent of 
the comparisons of groups succeeding with groups which failed 
to solve the electric circuit problem were found to be signifi- 
cantly different with respect to their structuredness* 

Training caused a more structural change in sixty percent 
of all the information values for the three-^way switch task, 
while the sa^ne training produced a more structured change in 
eighty percent of all the infoimtion values for the three-bulb 
parallel circuit task. 

Graphical profiles were constructed as shown on Figures 
Five and Six. These graphical representations provide the 
researcher with a quick survey of the changes in the structured-' 
ness that have occurred in the information measures as a function 
of the electric circuit task and the training provided. 

Both figures indicate that almost all of the values for the 
first para3-lel circuit task were operating in the random region. 
It may be inferred tWat this initial task was being processed 
with a great deal of non-structuredness or random behavior. 
With task experience and training, however, the information 
values can be seen, to generally move toifard mo le structuredness. 
This was indicative of learning taking place as a result of task 
experience and training. This was partially validated by 
comparing the success group with the failure group. The 
success groups category 7 and 13 had more structured values 
than the failure groups category 8 and category li|. All four 
values of category 7 for the post-training task xfere more 
structured than the corresponding values of category 8, Three 
values for category 13 were more structured than the three 
information values of category lU, The only interesting exception 
was the LTM valuej it seems to show a steady increase across all 
tasks. 

The findings in this specific study lend strong support to 
other studies described in this symposium* Th3 model components 
that were tested with respect to the structuredness construct 
have proven to be quite valuable in other studies. This study 



has shown that the criteria values for a problem-solving 
task using the information measures of Conditional Informa- 
tion Relative Sntropjr and the Noise in the Input (Ey(X)/}ly.) 
xfere replicated. The electric circuit taslcs used in this 
study were being ^processed hy the subjects using a problem- 
solving mode of information processing. 
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Categories 7 and 8 Information Measures As 
. A Function of Electric Circuit Task 




Categories 13 and lU Information Measures 
As A Function of Electric Circuit Task 



REFERSNCES 

A« Publications 

(1) Shannon, Claude E. and Weaver, The Mathematical Theory 

of CoTmnunication . Urbana, nilnois: The University of 
Illinois Press, 196U« 

(2) Moser, Gene An Information Theoretic Model for the Human 

Processing of Cognitive Tasks. Chicago, Illinois: Paper 
presented at Conference of National Association for 
Research in Science Teaching, U April, 1972. 

(3) Attneave, F» Applications of Information Theory to Psychology . 

Nevr York: Holt, 1959. '■ 

(U) Miller, G. A. The Magical Number Seven, Plus or Minus Two: 
Some Limits on Our Capacity for Processing Information. 
Psycholo gical Review , 63 j 81-96, 1956. 

(5) Shiffrin, R.Mo, and Atkinson,R.C. Storage and Retrieval 

Processes in Long Term Memory. Psychologi-tal Review, 76, 
179-193. 1969. ~ 

(6) Sternberor,Saul. Memory -Scanning: Mental Processes Revealed 

by Reaction-Tine Experiments. American Scient ist, ^7, 
l|21^Ii57, 1969. 

(7) Gurowitz. E^M, The Molecular Basis of Memory. Englewood 

Cliffs, N. JTTIS^ent Ice-Hall, Inc., 1969. 

(8) Ash, R, Information Theory, New Yorki John Wiley and Sons, 

1965. 

I 

(9) Young, J. F. Information Theory . New York: Wiley Inter- 

science, 1971. 

(10) Ashby, if. R. Measuring the Internal Informational Exchange 

in a System. Gybernetica ,8, 20-28, 1971. 

(11) Feller, ¥. A n Introduction to Prob ability Theory and Its ' 

Applicat ions, Vol^ II. New York: John Wiley and Sons, 
Inc., 19657' 

(12) Kemeny, J# G., Snell, L.. and Knapp,A.W. Denumerable Markov 

C hains . Princeton, N.J. : D.Van Nostrand Co., Inc., 1966. 

(13) Bellman, R. I ntroduction to Matrix: Analysis . New York: 

McGraw-HiXL Book Co., 1970. 

(II4.) Simon, H. A^ The Science of the Artificial . Cambridge, l%ss, : 
M.I^T. Press, 1969. 

(15) Arbib, M. A. The Metaphorical Bra in, New York: VJiley 
Interscience, 1972. 



ER?c 



(16) Farnham-Diggor/, S., Editor. Information Processing i n 

Children, NeT'j York: Academic Press, l572. (see 
pBT 1X5^123). 

(17) Deutsch, D. Mapping of Interactions in the Pitch Memory 

Store. Science, 17$, 1020-1022, 1972. 

(18) VJickelgren, B, Superior Colliculus; Some Receptive 

Field Properties of Bimodall/ Responsive Cells. 
Science, 173, 69-71, 1971. 

(19) Trehub, A. The Brain as a Parallel Coherent Detector. 

Science, 17U, 722-723, 1971. 

(20) John, E» R. Switchboard versus Statistical Theories pf 

Learning and Memory. Science , 177, 850«86U, 1972. 

(21) Kesner, R. P. and Conner, H, S. Independence of Short- 

and Long-Tem Memory; A Neural Sjrstem Analysis. 
Science , 176, U32-^U3U, 1972. 

(22) Farnham-Diggory, S», Editor. Info rm ation Process ing in 

Children. New York: Academic !Pr ess,* T97 2 (see pp. 3-22). 

(23) Durbin, J. and Watson, G, S, Testing for Serial Correlation 

in Least Squares Regression, II. Biometrlka , 38, 
159-178, 1951. 

(2U) Khinchine, A. I. Mathematical Fo und ations of Information 
Theory . New York:~l)over PublicaTions, Inc., 1957. 

(25) Siuorodinsky, M. Ergodic Theory, En trop y; Lecture Notes in 

Mathematics . New York: Springer-^rlag, 1971 

(26) Char-Tung Lee, R, Application of Information Theory to 

Select Relevant Variables. Mathematical Biosciences , 
11, 153-161, 1971. 

(27) Braner, J. S.,CTOodnow, J^J. , and Austin, G.A. A Study of 

Thinking . New York: Science Editions, Inc., 1962. 

(28) Young, John F. C ybernetics , New York: American Elsevier 

Publishing Co., Inc. 1969. 

(29) Gilbertson, G. Encyclopaedia of Cybernetics , New York: 

Barnes & Noble, 1968. 

(30) Hintikka, J. and Suppes, P. Information and Inference, 

New Rochelle, New York: D. Reidel Publishing Co. 1970 

(31) Watanabe^S. Knowing and Guessing;, A Quantitative Study of 

Inference and Information^ New York: John Wiley and 



B. Measurements References. 

Kelley^ T. L,;, Madden^ R. L., Gardner, E. F,, Rudman^ H. 

Merwin, J. C., and R. Callis. Stanford Achievement Tests , 
New York: Harcourt, Brace and World, Inc., 1963 
(Paragraph iicaning). 

Obis, A, S,, and Lennon, R. T, Obis-Leunon Mental Ability- 
Test. New York: Harcourt, Brace, Jovanovich, Inc., 1967. 

Pinneau, S, R,, Terman, L, M,, and Merrill, M, A, Stanford - 
gin et Intelligence Scale . Boston, Mass. : Houghton Mifflin 
Co,,n[95ru (Third Revision), 

Shipley, W, C. Shipley Institiite of Living Scale for I^asuring 
Intel lectual Impairment : (.Contact Ilrs. John H. Boyle, 
"9lli Bryant Ave.,Chico, California), 19U6. 

Bennett, G, K,, Seashore, H. G,, and Wesman, A. Dif ferential 
Aptitude Test (Form L, M Abstract). Neu York: Psychological 
Corporation, 1962, 

Miller, W, S, Miller Analogies Test (Form M), New York: 
Psychological Corporation. 



ERLC 



C« Computer Prcirams and Use. 

BMD-02R: Dixon, W. J. BIO B iomedical Computer Programs , 
Berkeley^ Calif, : University of California Press, 1971. 

DAi4-03t Coldberger, Arthur S. Econometric Theory ♦ New Yorks 
John Wiley and Sons, 1970. ^adapted from pix^jram 
originated at International Monetary Fund), 

DEC system-10 Program Library and facilities of the University 
of Pittsburgh Computer Center. 




-57- 



